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CHAPTER I. 
THE OPEN FIRE-PLACE AS IT IS. 

That Great Radiator of heat to all living beings, the sun, 
furnishes those beings with the kind of heat best suited to support 
the life whieh it has developed, namely, that of direct radiation. 

If we would only accept this lesson, repeateil every day, as if for the 
purpose of giving it all possible emphasis, in a manner the most im- 
pressive and with apparatus the most magnificent that nature can fur- 
nish or the mind of man imagine; if we would accept the lesson, and 
endeavor to heat our houses after the same principles, these houses 
might be made as healthy as the open fields. We should be prom[)ted 
to respect more the open fire-place, as furnishing the best substitute 
for the life and health giving rays of the sun, and to discard all such 
systems of heating as are opposed in principle to that employed by 
nature. 

With direct radiation the body is warmed, while the air breathed is 
cool and refreshing. With the hot-air principle of heating the reverse 
is the case, and it is found that, when this unnatural method is long 
employed to the total exclusion of the natural, serious discomfort 
and disease are the results. That warm air is less effective than cold 
in purifying the blood by removing the carbonic acid from the lungs 
is demonstrated both by our own experience and by the investigations 
of science. Experiments made on birds and animals have shown 
that the amount of carbonic acid exhaled when breathing air heated 
from 80° to 41° Centigrade (80° to 106° F.) is less than one half ttfat 
exhaled when the temperature is near the freezing point. 

The open fire, while it radijites an agreeable heat upon our bodies, 
aniinatint; us with a cheering and healthy glow or exciten)ent, like 
that produced by a bright sun on a frosty morning, leaves the air 
comparatively cool, concentrated, and invigorating for breathing. 

Koir, although from the earliest times of which we have record the 
open fire-place seems to have been the favorite device for heating 
and Tentifating the habitations of man ; although no modern house is 
considered complete without it either for uae or for ornament ; al- 
tboogh the phyAciBn regards it as a most valuable aWy \i\ XV m-aj&VAx^ 



2 The Open Fire-Place. 

of disease; and although its improvement has at all times claimed 
the attention of the most distinguished scientists afid philanthropists, 
as well as of the practical mechanic; yet we find it to-day so little 
understood and generally so incorrectly constructed that at least 
seven eighths of the heat of the fuel is lost, and its capabilities as a 
ventilator a^e almost entirely neglected, so that our fire-places may 
be properly described as devices contrived in the interest of the coal 
merchant for the purpose of carrying up to the roof, in the form of 
smoke, the greatest possible amount of money, and of leaving the 
smallest possible amount of comfort behind. My definition of the 
word "chimney*' would be this: A long tube open at both end<», 
the lower opening, called a " fire-place," being used to receive fuel 
and to emit smoke; the upper, to direct upon the roof from eighty- 
five to ninety-dve per cent of the heat and smoke jrenerated below ; 
generally so constructed as to carry off as much of the warm air of 
the room as is pure enough to be breathed, and cause large draughts 
of cold air to supply its place by rushing across the feet of the occu- 
pants in the manner best calculated to give them rheumatism, con- 
sumption, pneumonia, and other diseases. To complete the appa- 
ratus, screens are sometiuies added to ob-truct the circulation in the 
apartment. 

WASTK OF IIKAT. 

In tlu; city of Paris, according to M. V. Ch. July, there are used 
annually, ibr heating ])nrpos('s, over 500.000 cubic meters of fire- 
wood alone, costing about twenty-five million francs, and of this only 
eight to ten per cent, or in value about two million francs, are actually 
turned into si'rviccable heat. The remainder, to the value of about 
twenty-three million francs, annually disappears in the air without 
profit to any one. " What must we estimate the total amoiint of an- 
nual loss," says an eminent writer on ventilation, " in fuel, both of 
wood and coal, throughout the entire world, when we consider that 
the o[)cn fire-place is used to-day by over fifty millions of people 1 " 

DAXCJKKOUS DRAUGHTS AND IMPKRFECT VENTILATION'. 

The '* Enc} clopajdia Britannica ** has on ventilation the follow- 
ing : ''An open fire-place, unless the air enters from the ceiling, 
often produces little or no ventilation above the level of the chim- 
ney piiMH', and, even then, it does not afford the best and purest 
atmosphere. The air above may Ix^ comparatively stagnant, and of- 
fensive in the extreme from the products of combustion and respira- 
tion, while a fresh current moves along the floor to the fire-place.*' 

So great is the danirer from cold draujrhts occasioned by o{)en fire- 
places as they are now constructed that one is said to be less liable 
to take cold standing in the open air, with the thermometer at freez- 
ing point, than sitting on such a clay in a room heated by a bright 
open fire. So unequal is the distribution of heat in such a room that 
water may be frozen in one corner near the window draughts, and 
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boilfd in another ni>ar the fire, anil it hns even been found posiiiblu 
to roast a gooBe in front of sucli a fire, whili; tlie iiir flowing by it into 
llie cliiiiiiiejr nas I'roezing cold. 

" I have noiloulit in mjown mind," said Count Runifjrd, that 
tfaon«an<is die in this country every year of consuinptiuu, occasioned 
solely by this causp." 

In Eliort, it would be difficult to point out any jiart of our u<>uil do- 
mestic edifices which nould Ehonr surh a total iibscnce of FiiLntific 
principles as the construction of our fii-c-plafcs and cbiinntyf 



PIIACTICAI, KXPEEIM 



Tlie beet anthnritiea put the waste heat of our (lre-p!a<.T!i nC from 
eighty to ninety-five per cent, depending upon tiie shape ot the lire- 
place, tlic nature of the fuel, the aiuuuntof the draii<;lit, and the size 
and nature of the flue ; but 1 have been unable to find any sutisfiii-toi'y 
records of experiments made to corrobornic (heir statements. Those 
ma<lc by General Morin answer moft nearly, but Klill not entirely, 
our questions. I have therefore made a numIxT of careful ex|>eri- 
ment?, the results of eoine of which are given in the aci-oiiipanying 
table:!. 

The first six experiments were ma 
land on Marlborough Street, and tlie 
seconil feries of five on the house 
Ko. i I'eiiiberton Square, lioston. 
The griites, fire-places, and lines 
tested were of the so-called '' most 
approved " modern construction, 
and calculated to utilize the great- 
eat amount of heat possible witlioiit 
employing the peculiar or patented 
forms inventcil by Franklin, Gal- 
ton, Winter, Ganger, Fondct, Joly, 
and others, little known in this enuu- 

try and dilTieiilt to obtain and set. The 
fire-plaee and <:rate used in the secunil 
series 'uf experiments reciiideil in I he ac- 
companying tables arc repre.'i^iiti'd in front 
elevation in Fig. 1, and in section in Fig. 2. 
Tlie <lotte<l lines show llie form of the 
liaek only of the fire-jilace used in the 
first series of expeHments, the sides form- 
ing an angle of 13'j degrees with the back, 
to iinjirove their relleeling jiower. In the 
seconil series the Rre-place was smaller, 
shallower, and the sides were at right an- 
gles with the back, the upper half of which 
ioclined Ibrward as shoirn in Fig. 2. 





4 The Open Fire-Place. 

The entire length of the flue in this case was seventy feet. Half 
way up, or thirty-five feet from the fire place, an opening was made 
in the flue large enouorh to receive a chemist's Centigrade thermome- 
ter, and the heat was tested at this point during the experiments, in 
order to ascertain the amount lost by absorption in the upper half of 
the chimney. The thermometer was surrounded by putty to render it 
air-tight. When the readings were taken it was drawn out through 
the putty far enough to see the head of the mercury column and then 
pushed back into its place. These readings were recorded by an as- 
sistant in columns 6 and 16 of the tabPes. 

For want of space only two of the tables are given, the others 
agreeing substantially with them, and the results being nearly the 
same. 

The anemometer used was one of Casella's most delicate instru- 
ments, lately imported from London. A careful test previously to 
making the experiments proved it to be exceedingly accurate and 
reliable. Where possible the observations were made every minute, 
but where this was impracticable the intervals were made as small as 
possible, and the figures for the intervening moments were obtained 
by calculation. The amount of wood burned in each experiment was 
exactly three kilograms.^ 

From these tables it will be seen that the amount of heat dissipated 
in the open air through the mouth of the chimney from the combus- 
tion of 3 kilograms of dry pine wood is sufilcient to raise the temper- 
ature of nearly 16,000 cubic meters of air 1° Centigrade, according to 
the first experiment, or 16,980 cubic meters according to the second 
experiment; giving an average of 16,488 cubic meters raised 1°. 
This is equivalent to 5,070 units of heat, or enough to raise the tem- 
perature of over 5 tons of water 1° C, or to raise 50 kilograms of 
water from freezing to boiling point. 

The greatest po^sible amount of heat which 3 kilograms of dry 
pine wood is capable of yielding being, according to Rumford, 3,590 
X 3 = 10,770 units, we see that one half of the heat generated passes 
at once up through the chimney and out at its mouth. Of the re- 
mainder we shall hereafter see that about four-fifths is absorbed in 
the brickwork, and either given out from the surfaces of the outer 
walls, or carried up in the air space between the studding and the 
brickwork to the roof, whence it radiates into space. 

I In this article I shall use the metric weights and measures, hoth because the calcula- 
tions are made easier by so doing, and because these units have been adopted by mont of 
the writers on the subject whose works we have occasion to consult. 

1 kilogram or kilog. = 2.2046 or 2.2 pounds avoirdupois. 

1 meter = '6.2^ feet ; 1 square meter = 10.8 square feet ; 1 cubic meter := 85 cubic feet 

1° Centigrade = 1.8° Fahrenheit. 

1° Fahrenheit = 0.55° Centigrade. 

1 metric heat unit or calorie is the amount of heat required to raise 1 kilogram of water 
\° Centigrade. 

1 calorie = 3-968 English heat-units. 
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By columns 2 and 12 we see that before the fire is lighted a venti- 
latin^ij draujrht of 73 meters per minute is caused by a difference of 
but 2 or 3 dej^rees in the temperature of the air in the chimney flue 
or house, and that of the outside air. But as this difference increases 
after the fire is liirhted until it reaches 70° and 75°, as given in 
cohunns 4 and 14, we find the velocity of the draught rising to 285 
meters per minute. Thus we have a chimney throwing out hot air 
raised nearly to the boiling point of water at the rate of 285 meters 
or nearly 1,000 feet a minute ! Yet in some of the chimneys tested 
oil th(^ Back Bny the waste was found to be much greater, one chim- 
ney giving out iic.Mted air at the rate of over 1,600 feet per minute 
raised to about the boiling point 1 What might the saving be, if all 
this heated air could be separated from the smoke, partially cooled by 
dilution with fresh cool air, and broujiht into the house for use 1 

Ktiturning to our table we find by columns 6 and 16 the tempera- 
ture of the draught at the middle of the flue and, by calculation, an 
avenige of 8<sr> lieat units absorbed in the upper half of the chim- 
ney. 

Now we know that the heat generated by our fuel is of two kinds, 
of which ()\w. is given up to the air supporting combustion, and 
])asses entirely awav with this air up chimney in combination with 
smoke and vapor ; while the other, and by far the smaller part, is 
hent. off from the fire in rays in all ])Ossible directions. This latter 
pai-t may hi^ considered an unconihined heat, or heat combined only 
with liuht as ilistiriiiuished from that combined with smoke and air. 
Thus only the radidtcd heat of the fire is used in our rooms. The 
experiments of IVelet show that the radiating power of wood is, under 
the best, possible eircmnstances, when the rays are all collected, only 
2.*{ per cent., leavinir 77 per cent to pass off with the air of contact. 
Tlici'efori' .23X10,770 = 2,477 units radiated in the case of our 3 
kiloLTi-ims of wood. 

In tl)(^ average fire-place only one-third of the.«e rays, or in our 
case S"i() units, pass directly into the room, the rest falling upon the 

back, sides, or bottom of the fire- 
])lace, or ent(*ring the flue through 
the throat of the chimney. 

In the fire-place represented in 
Figs. 1 and 2 (see page 3, ante) 
the back measures 2,500 sq. cm., 
the sides 500 each, the bottom 500, 
and the top 350, as per accompany- 
ing diagram, making in all 4,350 
s(j. cm., against 2,500 for the open- 
ing in front, so that the rays tn- 
teriiig the room directly amount to 
4:;^6uu ; or, considering the portion 
Fig. 3. intercepted by the grate, to about 

"*© third of the whole, or less than 8 per cent of the entire heat gen- 
'ed by the fuel 
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To this 8 per cent must be added something for the return radia- 
tion from the brickwork, because, although a large portion of the ra- 
diated heat, striking the walls of the fire-place, is carried off by con- 
tact of the cold air entering the chimney under the influence of the 
draught, which, as we have seen, amounts to from five to fifteen hun- 
dred feet a minute, and part is absorbed by the brickwork, yet a cer- 
tain portion is returned by radiation and reflection into the room. A 
simple calculation will give us the amoimt accurately enough for our 
purposes. The fire-place represented in our figures being small and 
blacrkened with smoke on its sides as well as back, no reflected heat 
could be counted upon. Moreover the radiating power of these walls 
being inversely as their reflecting power, what we lose in reflection we 
shall gain in radiation. The surface of the back, sides, and bottom 
measures 4,000 sq. cm. According to Peclet 1 sq. meter of brickwork 
radiates 3.59 units of heat per hour for 1° C. difl'erence of temperature 
between the radiating and the receiving surfaci^s. Therefore 0.4 sq. m. 
would radiate 1.44 units per hour per 1° C. The temperature of the 

TABLE IT. 











Averajre Tom- 


Thermometer 


Time. 


perature of 
Back of Fire- 
place. 


at 50 cm. from 
fire. 


8.32 




19^ 


8.37 


— 


4=i 


3.42 


— 


64 


3.47 


-^ 


75 


8.52 


215° 


60 


8.58 


210 


45 


4.4 


190 


3ti 


4.10 


155 


3t 


4.16 


135 


30 


4.22 


116 


27 


4.28 


mo 


26 


4.84 


90 


24 


5.34 


70 


22 


().84 


40 


20 



Thermometer 
at 1 m. from 
tire. 



19° 

3i 

43 

4S 

41 

34 

80 

27 

2-? 

24 

22.6 

22 

20 

20 



GeiT^ral 
Kcma ks. 



Fire lighted. 

F'ull blaze. 

Declines. 

Fire out. 



walls of the fire-place is shown in the second column of Table 11., ther- 
mometers being placed in diffV*rent parts of the back of the fire-place 
and the average temperature being taken. While the fire is burn- 
ing brightly, the radiation from the walls of the fire-place would 
lie partially intercepted by the fire itself; but taking the average 
temperature of these walls during the first twenty minutes at 
220° C, and supposing that only one half the radiation of these 
walls was intercepted by the fire, fuel, grate, etc., an<l fin<Ung 
20° C. to be the average temperature of the objects in the room, 
we have '^^ = 100°. 

During the next six minutes the average lemY^eT^Vxxt^ \^'iix \\A\!>>a^<i. 
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being according to the table 210°, we have 210 — 20 = 190°, from 
which we have, by calculating as before, 27.3 units radiated. Con- 
tinuing the calculation in this way for each portion of the time, we 
have, for the total amount of radiation from the walls of the fire- 
place, 270 heat units. 

Of this we may assume that one half was radiated into the room 
and the other half lost, and we have 135 units (= ^% or -^ of the 
radiated heat striking the walls of the fire-place) returned into the 
room to be added to the 826 pnits, or 8 per cent, of direct radiation. 
This gives 961 units, or a little less than 9 per cent of the whole heat 
generated, for our result. According to Peclet only 6 per cent is 
realized instead of this 9 per cent. 

As for reflected heat, under certain circumstances a small amount 
may be added to the above results when the sides of the fire-place 
are kept white, or are tiled and of the proper inclination for reflect- 
ins the ravs. Inasmuch, however, as the radiation diminishes as 
the reflection increases, this may here be neglected. 

Duclot's experiments show that the radiation from heated bodies 
is much greater in proportion at very high temperatures than at 
moderate temperatures. But we have not added anything to our 
figures for this, because we consider it more than balanced by losses 
in other ways, such as that due to imperfect combustion of the fuel, 
for which we have also made no account. It is estimated that with* 
the ordinary fire-place, about one eighth of the fuel is wasted in un- 
consumed smoke. 

Our 9 per cent so far found must, however, again be modified, 
in consideration of the heat taken from the room by the cold air en- 
tering the doors and windows under the influence of the drauirht. 

In our case we have by Table I. an average of 833 cubic nieters of 
air, which must have passed through the room and into the fire-place 
from the outside. The average temperature of the room and objects 
contained iti it havinix been raised one degree by the combustion of 
our three kilograms of wood (the doors and windows havinoj been kept 
closed during the experiment), we have 833 X 1 X 1*29 X -24 = 
258 units, or ^|^ = about \ of the whole. Deducting 258 from 961 
we have 703 units, or only 6 per cent of the heat generated by the 
fuel, for the total amount of heat which can possibly be utilized from 
wood fires under the best conditions and most perfect form of ordi- 
nary fire-place, to say nothing of the fact that where the rooms are 
provided with the so-called ventilators near the ceiling, even this 
little heat is carried off almost as fast as it is formed ! 

Deducting from the 10,770 units generated by the fuel the 703 
units utilized by radiation and the 5,070 units escraping through the 
chimney mouth into the atmosphere, together with the eighth lost in 
unconsumed smoke, capable of generating 1,340 units, we have 3,G60 
units for the amount absorbed in the brickwork. Of this nearly 
1,000 units were absorbed in the upper half. The remaining 2,660 
must have been taken up by the lower half. In these experiments, 
however, the flues were cold at the outset and the absorption on the 
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In winter, when the 
nbsorlied by tlie brlck- 
woryr, it.B power of abaorption being limited liv iha low conducting 
I>oW(* at the miiteriul, ftnd Ibe amount lost at llie top of the chimney 
is rorn^s pond in gly greater. 

Willi L'oal fircB more of tlie heat of combustion is utilised. Suppoa- 
ing ih;ir, Tinder the best of eircumstancca and with coiil having the 
ervjilcit ladiating power, we adopt the fiaure of Feclet ot 50 per cent 
for the radiatinn; power, we liave, ns before, -50 X J + (1 X ^)-°^ 
:^.2-l. From this 24 per cent dednct, as befori', one quflrler for 
(he nmoiint returned up chimney by the draught, and w« liavc 18 
pir i'<-nt for teetotal amount utilized, under the bestposHible circum- 
_ Wances witli the lieet possible fuel. Afpording to Peclet only 12 per 
MBDt instead of 18 per cent ia realized from a coni fire. 



Oor experiments present the following turious rewilta : — 
t. Oiir ihree kilograms, or (ij pound?, of wood served to raise the 
arerage temperature of our room less than one decree CV-nti grade, 
ftllhoiish the heat genemtad by the wood was suHicient lo raise the 
tfmperniurB of U roums of etpial riiie from freezing to (18° Fahren- 
Iwit. (Thy iwui mea8Qn;d 20 X 20 X m feet.) 

2. Wldle our fire-place was onlv auffieient, with three kilograms of 

dry wood, lo maintun the lenipi'raluro of tlie room at 1° C, (Bup|>oB- 

in; tlie outside nir stood at 0° C.) tor a tew minutes, the heat actii- 

idly generated whs Kutiicient 

l»bw EO" C, or CS" F., anil I 

^.08° P., llironsli the room tor ventilaling puiposuB at Iha rate of one 

^»3lbli* iiLi'^'i' SI, >uiiiiii(> for two days of twelve hours each I 

^^KJI. ^1. '{.<<<i:i I ill thiit the outnide nir elood at [he freezing point, 

^^K ^lL , , - iiliing the liiird column of Table II. that a |>crHon 

^^Biii <i) (.-ins, distant from the fire would iiavu been 

I^KhK'.I !.■. .■i.!Mri..h lip (o 750 — 20'' = 55oC., or LIloF., while the 

JUlSr (li'wl'iu liy him uiM tlie fire would liHve stood acnrcely a degree 

above Hin ii'Kezing jioinL At tlds distiince three men would intercept 

ni'arly all iho heat of the fuel, and nil other parts of the room would 

■ '^1 to thu freoKing point. This radiaieil heal itielE would hist nt SSo 

'~ ' [t five minutes, when it would fall M>°, after whieii it would 

'II in the table. 

ini'ler, n person would ha warmed only lo <(i° 

^St** C, and six men would Hppropriale the greater poi'tlon 

' "« lire, whii-h would last, sny, five minutes, and then 

k (liftance of two meters a person would be warmed 

Mtperiment not hero recorded) only 7" C, ami 

meters only about 2° C. But it lie hapjiencd 

he room siieltered from the ilireet radiation of 

luld enjoy a temperftture scarcely ha'f a degruc above 

g [Kfint of WBlvr. 
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4. According to our table three kilograms of dry wood cut small 
served to give a bright fire only ten minutes, and burned out entirely 
in twenty minutes. To keep a bright fire burning, as in this experi- 
ment, or, as is done in many houses in cold weather, for a day of 
twelve hours, would therefore require 144 kilograms of wood, which 
according to Rumford are capable of producing 3590X144 = 
516,960, or over a half million units of heat, which, if all were 
utilized in the proper manner, would be enough to keep the tempera- 
ture of the room up to 68° F. in freezing weather for Jibout thirty 
days of twelve hours each, equal to one month in midwinter, and 
give a change of pure air equal to one cubic meter a minute, heated, 
say, up to 60° F., for ventilation, during the whole time, it being sup- 
posed that the adjoining rooms and those above and below were in- 
habited and maintained at tlie same temperature, that the outside 
wall was double as well as the window, and that the door and 
window fitted well and were kept closed. 

5. Finally, to raise the temperature of the room in which our ex- 
periment was made up to 68° F. and maintain it at this temperature 
during a single day of twelve hours, would (even supposing the 
entrance of cold air were prevented in some way from incn^asing 
with the increased heat of the fire) require 20 X ^4 == 2880 kilogs. 
of wood, or sufficient, if all were utilized, to maintain the room at 
the same temperature and add to it a ventilation of one cubic meter 
of fresh air ptn* minute raised to 60° F. for twenty months of freez- 
ing weather, or, allowing three months of su(rh weather per year, it 
would accomplish the heating and ventilation of the room for over 
six years ! 

THE IDEAL FIRE-PLACE. 

What now would be the action of a fire-place and flues ideally 
perf«'ct ? 

Ideal perfi'ction would imply : — 

1. That all the heat gent*rated by the combustion of the fuel be 
utilized in heating and ventilating the house, and that the combustion 
of the fut'l he coni|)lete. 

2. That the sii[)ply of fresh air introduced into the house to take the 
place of the foul air removed be guaranteed perfectly pure ; warmed 
in winter to a temperature somewhat below that of the room ; moist- 
ened enough to (j;ive it its ])r()per hygrometric condition ; abundant 
enoui;h to sup[)ly amply the (ire and the occupants ; so distributed 
and located at its entrance as to cause no ])erceptil)le draught at any 
point ; the gentle air current so directed that it should reach every 
part of the room ; so steady that no part of it should pass over the 
same spot twice- or he twice breathed by the occupants ; and so rcf^u- 
lati'd 1)V simple valves as to be under perfect control. 

.'{. That the Hues include a special gas ventilator so arranged that 
all the heat generated by the combustion of the gas should be re- 
ined in the room and utilized, while the injurious products of com- 
'tjon should he carried off. 
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4. That a complete ventilation of the rooms be eflected, both in 
summer and in winter, without opening doors or windows. 

5. That the chimney never smoke. 

6. That the construction of the fire-place and flues be simple, 
ilurahle, inexpensive, safe, and unobjectionable in appearance. 

The open fire-place as ordinarily constructed, so much overesti- 
mated as a ventilator, satisfies the requirements above enumerated 
to the foUowinjj extent : — 

1. Only fron five to fifteen per cent of the heat generated by the 
fuel is utilizeut in heatinjj and ventilatingr the house. It nui?t be 
borne in mind that that is not ventilation which provides only for 
the outlet of the air and ignores the inlet, and that a hundredth part 
of the heat of the fuel would be ample to abstract the bad air far 
more efficiently, if properly applied, ilian is done by the eighty-five 
or ninety-five per cent now used. 

2. The air introduced to take the place of the foul air removed is 
not guaranteed pure, but its purity or impurity is left entirely to 
chance. If the windows are tight, the fire draught will be supplied 
from the halls, neighboring chambers, or even water-closets and 
toilet rooms, or, in other words, from soil and drain i)ipt;s, bringing 
poisonous gases and perhaps disease into the house ; or, if disease be 
already there, distributing the noxious air from the sick-chamber into 
other parts of the house. 

If the windows are not ti^fht, the air entering: will be too cold in 
winter, too hot in summer, and always loaded with whatever dust, 
dampness, or impurity may happen to be in the outer air, to the det- 
riment of the lunjjs as well as of the furniture of the iiinintes. 

Or, finally, if both doors and windows are closed and tight, as may 
sometimes happen with careful carpentry, and especially at night in 
bed-rooms, either the air must come in throujrh the chinmey itself, 
causing the fire to smoke, or else no air is admitted, and sultbcation 
is the result. 

The history of ventilation furnishes numerous sad cases of such 
suffocation, cases where the smouldering fire and the sleeper, ren- 
dered insensible by smoke or gas, have evidently long i-truggled for 
life before either or both succumbed to the want of air. 

We nuiy add here that even when the supply of air chances to be 
pure enough, and abundant enough, and warm and moist enough, 
and otherwise satisfactory in its (piality, it is still unable to ventilate 
the apartment properly because it is drawn directly up the chimney 
before it has had time to receive the necessary amount of heat to 
cause it to rise to the level of the heads of the occupants; while the 
impure air formed above the level of the mantel, and healed by the 
lungs and by the gas burners, rises to renuiin a long time in the 
room and be breathed over and over again. Or, if special openings 
are provided above to carry off this upper stratum, what little i)ure 
air warmed by contact with the walls, heated by radiation, manages 
to rise above the mantel, is, as before said, carried off with the im- 
pure air almost as fast as it is formed. Thus it ofteiv l\v\^\\v:iV\* N\vd\ 
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large fire-places and flues that the cold air enters faster than the 
warm air is produced, so that the more the fuel is piled on and the 
fiercer the fire the more powerful become the freezing draughts and 
the lower the temperature of the room. 

3. The gas burners are seldom properly ventilated and sometimes 
not at all. Breathing foul air is as injurious as drinking foul water, 
vet, while we would shrink with disgust from the idea of drinking 
water into which the drainage from our houses was known to flow, 
we allow our gas burners to pour forth a continual stream of carbonic 
acid and other poisonous gases into our small reservoirs of breathing 
air, already sufficiently polluted by the exhalations from our bodies 
and lungs, without giving the matter a passing thought. 

4. Complete ventilation in summer as well as in winter is, under 
the average construction, impossible without opening doors or win- 
dows. 

5. The chimney often smokes. 

6. In one respect our fire-places and flues appear to approach the 
ideal, and that is in their simplicity, but is it not the simplicity of 
ignorance rather than that of science ? 

In order to be able to judge as to how far we may expect to ap- 
proach our ideal, it will be necessary first to familiarize ourselves 
with some of ihe most important devices already tried or recom- 
mended l)y those who have given the subject most attention, and to 
study the causes which have thus far rendered their adoption so 
limited. 

Many of these devices appear so excellent that it is hard to under- 
stand why they were not seized upon at once. But we must bear in 
mind that the majority of the public are aware neither of the waste 
of fuel they actually experience, nor of the importance of good ven- 
tilation. The style and color of the grate and mantel are of more 
importance than the construction of flues and all parts which are 
out of sight. That the pattern and color should be in accordance 
with the latest fashion is more important than either; and to expect 
fashion to yield to mere sanitary considerations would bespeak 
ignorance of one of the most marked peculiarities of human nature. 

Then too we know how prone every Yankee builder is to avail 
himself of his liberty " to follow his own nose byway of a guide-post 
in the matter of a little science," and how loath he is to leave the 
beaten track. 

These considerations, and the fact that many reject on principle 
all novelties, on account of the difficulty of distinguishing the good 
from the bad, are sufficient to render any persistent effort to improve 
our time-honored forms of building construction most onerous and 
discouraging, and it would be folly to expect even the most evident 
improvement, in a matter of this kind, to meet with anything more 
than a slow and partial recognition. 



\ 
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CHAPTER 11. 

HISTORICAL. 

It is remarkable that, while the open fire-place was one of the 
earliest contrivances invented to contribute to the health and comfort 
of man, the upright flue for carrying off the injurious products of 
combustion should have remained one of the latest. 

It is true that the principle of the modern chimney was probably 
understood long before the practice of constructing it became gen- 
eral, but it was so rare an object, even in the sixteenth century, as to 
have excited the surprise of Leland, who, speaking of Bolton Castle 
in his "Domestic Architecture " thus expressed himself: " One thynge 
I muche notyd in the hawle of Bolton, how chimeneys were conveyed 
by tunnells made on the syds of the walls betwyxt the lights in the 
hawle, and by this means, and by no covers, is the smoke of the 
harthe in the hawle wonder strangely conveyed.'* 

According to Peclet, chimneys appear to have been unknown to 
writers of the early part of the fourteenth century.^ But, once in- 
troduced, their merits appear to have been rapidly appreciated, since 
we find it stated that in the reign of Queen Elizabeth, apologies 
were made to visitors if they could not be accommodated with rooms 
provided with chimneys, and ladies were frequently sent out to other 
houses where they could have the enjoyment of this luxury. 

Thus the general use of the chimney is quite recent, an<l it was 
not until the time of Savot, Franklin, and (iauger, that we have 
record of any serious attempts to combine the cheerfulness of an 
open fire-place with the economy of an enclosed stove. 

The science of the proper ventilation of buildings is still more 
recent. " Till the discoveries of modern science,*' says Dr. Keid, 
" revealed the nature and composition of atmospheric air, and the 
reciprocal action that ensues between it and the blood, the architect 
was, in respect to this question, like a traveller without a guide, and 
had no distinct appreciation of the position in which nmn is placed 
in respect to the atmospheric ocean in which he lives.** Even where 
these facts are understood by scientific men, the great miiss of the 
people still remain in ignorance of them, and the rough treatment to 

> *' L^^poqae i laqaelle U fltat plarer I'origlne des chemlD^es e«t arses incertaine ; leu 
MitMin da eooiiiMDeeainit da qostorri^e siecle semblent ne lea pas connaitra. La date 
• TkoM aadenne, et en m^vam temps la plaa certaine oil 11 alt tft^ qaestiou des chemiD^ee, 
btllUBdelMT." 
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i tbo earliest niics xhe thimne_v consi^ttcl of llie untim housi-, the 

■ Wirg builr. in ilie miililli; of tbo building or liut. mid the sniu^u 

^Itlg from tlie roof, as is shown in Fig. 4. Barbarous as lliia 

Ggetncnt muy seoni. it nevi^tbelvss Las certain advHntn^cs ne 

^tl not \wK M|,'ht of ill making our ini pro vein en is. The Iient of 

« is utilized 10 a far greater extent tlmn is The ca<o wiih itiat 

ing UmleP onr modern cliinintiy. All tliu radiatvd hent is ob- 

d mid n largu pwl of tlic lioat of contatt of air. As a ven- 

T it is siipBrior to our iiioilern apparatuB, since no impure air c«n 

'n for K moiiiL'nt in llie room, and tlie cold draiiglits eiiti'rinj are 




snloil in llie m-comimnj-ins Bkntub, that the siiinlto ntvyr 
d hlin In the mnat uiifuvoralile wciiLlicr. 

~ IB constriietud nl utiifka smeared on the in.sidu wiih mud 

f, xnd dcauundiug from IJii.' opening in the roof In within a infe 
« pf the fir« below would improve the drau^lit and pi-cwnt (liu 
'ram blaokuning iho roof, thou»h at ihe uxjicnaa of auniu of 

next Btpp mndii to im|irf>v,- ihi> tlciiii^ht by mennH of ii flue 1» 
"mA lij- Vi(tll61-I.^-I)nc, in l.l^ " li:ilii[Jitions oE Moil." fig. C. 

« dmcription nmet luivi: hiiu {mri'ly imaginary, aa no evidenvo 
if llie m« ni "iiL'h Oufs lit till' .'[irlj- nge indicatuii by tho writer. 
D WM ta tlii« vnte aupposL'd to be built agflinal liie wall of Ibe 
TUu( « large purl oE the mttialed heal of the fire was tit a(( 
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PLATE VIII. 

Stt»no fire-place in the Hotel de Ville of Lyons, France. Seven- 
toi^itth century. From E. Rouyer, '* L*Art Architectural en France." 



PLATE IX. 

Fire-place in the style of the French Renaissance. Built in 1567. 
From L' Art pour Tous. 
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PLATE X 

Fire-place in the Persian drawing-room of the house of M. le 
Comte Branicki, Paris. From the Encyclopedie cV Architecture* 



PLATE XI. 

Wooden fire-place in the bed-chamber of Louis XIII., king of 
France, in the' Chateau of Cheverny (near Blois, France). The 
picture over the mantel represents a scene in the history of Perseus. 
Conducted by Minerva, he petrifies his enemies by showing them the 
head of Medusa. The small tablet on the facins is made of mosaic 
on a gold ground. It represents children playing with the head of 
Medusa. Other scenes in the life of Perseus and Andromeda are 
painted on the ceiling and over the doors. The walls are covered 
with magnificent tapestry, of which a part is shown at the right and 
left of the mantel. From ** L'Art Architectural en France," Vol.1. 
By E. Rouet. 



PLATE XII. 

Dining-room fire-place designed by Mr. Escalier, architect, Paris. 
From Lp Moniteur des Architectes for June, 1880. 



PLATE XIII. 

Fire-place in a bed-chamber in the Chateau de Tanlay, France. 
From Sauvageot, " Palais et Chateaux de France." 
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and no corresponding change was made to regain the proportion of 
heat ilicrcby lost. 

Gradually, for tbe purpose of avoiding lateral currents of air, 
iambs were built on each side of tlie fire, to dirett tlie air upon the 
fuel, and tliR chimney flue was brought down to witliin a few feet of 
the lire. By this step another lai^e portion of the radiant heat was 
lost, and tiie whole of ihu Jiuat of contact of air, without an effort to 
obtain a c'orresponding eompunsation. 

BRAZlKltS A>(D FOKTAllLK FIRES. 

In 
vir<ion wh 

was ^'nerally employed by the Greeks and Eomi,n> 
in Siwin, Italy, Afgeria, and other warm counti les 
The braxicrs of the Greeks and Romans foniiLd 
elei^ant pieces of furniture, often bunutifulU 
sculritured. as in Figs. 7 and 8. The Simni-^h 
portable braxier, Fig. 9, in which chaicoil m 
burneil, is rolled from room to room, warming 

heat of the fuel Is realized, but, on tlie other hand, 
tlHi jiroilncts of coiiibu«tion, always disagreeable 
to tlie oi'ciipanls, and highly injurious to the paint- 
ings mill furniture, are extremely dangerous for 
the henltli. 

The combustion of one kilogram of coal, for 
instance, converts into carlxiiiic acid all tlie oxy- 
gen coiitaineil io nine cubic meters (or vards) of 
air. Tills, aceonliiig to Pcelcl, reiidi-v» twenty- 
seven cubic kilograms of air iitifit to lin-alhe, so 
that the air of our I'oiiiii 20 X ^0 X 10 feet, or 
of about one hundred and ten cubic meters ca- 
pacity; deducting furniture, wiinld be i^-ndered "^'k- '■ FromJoEy. 
irrespirable and would sufiucate the persons 
alteiupting to breathe it, by the combustion of 
abiiiil four kiloyraina of ecKil. It is true that 
the lieat gi'iu-raled by this quantity of fuel 
burneil in the middle of a closed ehaniber, 
. without L-hiuiney or other opening, would soon 
be BO excessive 'us to rt^nuire the opening of the 
windows. The four kilograms would raise tlie 





temperature of o 
823 degrees cer 

grecs Fahrenheit, which would be nearly hot 
enough to melt brass. (In the equation, TOOO 
represents the heating power of coal in unitn ; 
] .3 the weight of 1 m. c. of air at 0° C. ; and 
0.2377 the specific lieat of air.) 
The ml danger results from the production of carbonic oxide. 
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which gives much leas heat. It is calculated that a hundreth part of 
this gas in the air is suffioient to kill warm-blooded animaU. Hence 
the ilan^r of using uharcoal for fuel as in the Spanish brazier, the 

Eroducts of combustion being lai^ly carbonic oxide. A remarkiv- 
le instance of death by charcoal furaea is given by the suicide of 
the son of the celebrated chemist Bcrthollet. He left ua a vivid 
aceoiuit of hia own destruction by asphyxia in an air-tight chamber. 
Locking the cloor of the room and closing up all the cracks which miirht 
a admit fresh air, he prepared a char- 
J coal fire on a brazier, seated himself 
t a table with writing materials and 
seconds markinn;-wateh, marked the 
precise hour and then lighted the char- 
coal on the brazier before him. With 
\ all the muthwl and precision of a scien- 
/ tific experiment, be reconlud the vari- 
IS sensations he experif need, detiiil- 
i|j the approach anil rapiil progiTss of 
tielirinni, and as sufibcation began the 
language became more and more confused, tlic writing larger and 
more illegible, until the writer full dead upon tite floor. 

In colder climates, where greater heating power is necessary, the 
brazier is of course insufficient. In the frigid zones, however, where 
wooii and coal cannot be obtained, the brazier rcapijoars in the form 
of the amok/ lamp of the Lajilander and Iilat|uimau. Here economy 
approaches Ita maximum, the heating, lighting, and ventilation being 
effected by one and the name inexpensive agent, namely, puti'id oil, 
burned under a hole in tlie i-oof of the hut. " The Grci-n lander," 
says Tomlinson, "bidlds a larger hut and contrives it better, but it 
is often occupied by half a dozen families, eaeli having a lainp for 
warmth and cooking, and the effect of this arrangement, accon1En<r 
to the remark of a traveller, ' is to create such a smell that it strikes 
one not aceuslomed to it to the very heart.' " The elFect of tliis 
great economy, however, is shown in the bleared eyes an<l the 
stimted growtii of tlie natives. 

Pinally, the last degree of economy in warming, if we can call 
that economy which saves fuel at tlie cxi^nse of liealth, is reached 
by the laco makers of Normandy, who work warine<l liy the natural 
fires burning in tlie boilies of their domestic animals. Tliey rent the 
close sheds of the farmers who have cows in winter quarters. " The 
cows are tethered in a row on one side of the shed, and the lace 
makers sit cross-legged on the ground on the other side, with their 
feet buried in straw. The cattle being out in the fields by day, the 
poor women work all night for tlie sake of the steaming warmth 
arising fi'oni the animals." • 

We wonder at the backwardness of the civilized Greek and Ro- 
man in tlie use of their tripods, smile at the Spaniard with his bar- 

I TomlinHDn, Warming and TVniilaiiim. 
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Hloiting brnitier, pity the Esquimau with liis feeble and imaVy 
i, and sympnthiae with the wretched lace makers of Normandy 
aetr close and Bifkly atmo6])here, yet all the time forget that we 
"' la allow the air of our rooms to lie impOTfirished in thw vary 
manner, and often to an even greater extent, by the noxious 
■a pouring from our unventilated gas burners. 

IIRJGIM OF THB CHIMNEY. 

e iilan of building the fire-pliice agaiunt the side wall probably 
IgilWted in England in the eleventh century, at llie time of the 
^rman Conquest. Previously the chimney consiated merely of a 
« in the roof, with a Kmall wooden tower above to carry up the 
dke. At the time of the Conqneat, fortresses were constructed 
d tho roofs ustd for defence so that the vuntral opening for smoke 
I rendered impussible The fire plaio waa removed la an out 
Ide wall and an opening m-i ie tn tbio wall »bot e the tire for the 
_S of Ihc smf kt 1 in Fig in The obh pie openm^ in the 
iraU gave flacL i n after l! Oui^ict to the ordinary chimney- 




FigM 11 anl li represent the fiie plate and flue in the great 
i room of Cuiii«borough Castle erctled in or near the Anglo 

Tills form of flue naturally led to the ordinary chimney as it i^ now 
fonBtruuted. The fire-places and flues were al tirat very large. In 
France a royal edict, as late as IT12 and 1723, fixed the size of the 
flue at rJiree feet wide and deep enough to admit ibe chimney-Bwccp. 
In this country we have seen old-faEhiooed fire-places eight feet 1oq<; 
and three feet deep. These caused such a draught that Bcreer 
necemtiry id the room to protect the inraatca from powerful c 
of cold air, but, although the w»stc of heat was is 
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^^H nevertlieless muuli leas in proportion to the fuel burned than 

I: 



Ith [he smallur minlern firu-plaoe. Providi'd usually with 
large hood projecting boldly into Ihi 



er»hle height, f 




'laced at a CI 
eigllt feet, aliore iKb hearth, Figs, llfl 
and 14, they radj^ 
ated the hi.at genrai 
ooHly itilo the room, 
lud nlthoagh the^ 
dil nut pretend, aiU 
mom than do oi^ 
modern flre-plocei 
to liLat the a:r of thj 
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\s for g 
n un kiiiable tha^ 
vheie h il u, siiin 
I re IS required, ax 

I ilie Rre place 
Ilues are l^vge, 
hot air current 
^reftllj cooled by 
I cold dir entQi 
I nliove the (ire, 
1 the rapidity of 
; draught is pn 
nally diminu 
It IS of course Lbet 
ng. \3. FHo-niGe B^^ne^ " □"*"'" ^'"^"'f "" "" by rendered 
pable of 1 

my inipe<liineutB to its pasBHi;e which may be offered In the form 
deleotive cotiitruution of the Hue or imperfect ventilation of the api 
ment. But where the flue was perfect, and where Hufficienl air ■ 
' brought into the I'oojo to supply the plaee of that drawn up tlij 
chimney, and where the hood projected well over the fire, a smoky 
chimnny was found to be a rare oeuuiTent'.e, even with the I; 
' tt-placcB and with the smalleet (ires, 
^ii ibe custom when one of these ample firp-plac^s, built after 
1 style, is found to smoke, to lay the blame 
inittg and fiue, although nine limes out of ten tlie real fault 
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)und to be ia nn insufficient ventilation oE the apartment, or 

a careleBB or irregular construction of the flue. Hebrard, in his 

B Cftnwnologic " wrote in 1 756 as toUowa " It ih surpriainjr that we 

jviould allow theee old cbunneya to be chnnged in order to Eolkm the 

^faihion of ihe daj, withont t^ng the paina to esatniiie whether the 




is aa grent as tJie noTelty. It appears that it is not. It has 

n observed, on the contrary, that of the few old chimneys which 

e escaped remodelling, there is suarcely one which smokea. Old 

to the same effect in regard to those which existed in 

P^eir ticne, while we have no heiitation in saying of the mnjority of 

. IT chimneyB that they do smolie." 
I' Thu caaae of this change was the suppression of the hood which 
lud been built and recommended aa of the utmost iuiporlance by 
AIb«rti, Philibert Delormo, and others. The hood was dropped ]jartly 
because! it was thought to interfere with the decoration oE the apart- 
ment Dnd partly on account of the desire for novelty. Figs. 15 and 
IS. Unfortunately this modificatian involved a second wbivb had a 
^tiH mims injurious effnet upon the heating power oE the fire. The 
Boke, bebg no longer propvrly cunductetl to the fluOi would undet 
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adverse circumstances enter the room, nni! the device oi lawerinf 
the mantel wm adopted to obviate the ditliculty. This was done a 
first by adding a simple band of laatlitsr or of some other niateris 
bulon the manre! slielf, then by movable registers or blowers c 
metal, and finally by lowerinj; the mantel and shelf itBetf, whicl 
modification in the course of the eighteenth century brought th* 
fire-place down to the form commonly met with in our day ; a fom 
whiuh, objects Labarthe, " iitJIixes neither the radiant nor tli< 




^HpRECotQect sought coiilil not in the Itast degree lie obtained by 
^^K means, ainoe it Vfonld he necessary for the purpose to give up 
^^birB and warm one's self Bt:iiidiiig up. 
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^^^B Fl|. le. f am Anteni Dsin«il ckA ch tgctu ■ (iicapl Igu di) 

^^B iLall endeavor to 'lion in the na\t chapter iti what wat these 
^^Hst old-fashion e I hinmeja niaj be lonstrncted uther with or 
^^■out tLe hood "0 as to render the draught m all taaea both 
^^^^DB and unfailins; 

^■Bbe hearth in the middle of the 1 all Htitl estate 1 ns late as the 

BIHrteenth centurv a; a general (uslo ii The great logs were simply 

■'flt«d on andirons, and the Eumke est-aped through the louvre on the 

Mof. Major J. S. Campion, an English traveller. t;ives lie following 

form even non exists : " Almost ia the middle of the room van a 
Ti.'iu'li biMi'th, about foQf feet squwre and a foot high, and composed 
■ il n;< - (lid stones, pieees of iron. — anvthins; that would not i-oiLsume. 
In IF- r.nire burned a fire of three sticks laid star fashion, with a 
bl:i/.iLi^' !ii'u>hwood heaped on them. A lai^ wooden hood supported 

M <lid not circulate al^ut (lie room to a bole in the roof furni^lied 
with a rou^h louvre, through wliieh it escaped; and from a cross iron 
of the hood hung a stout chain, terrainaling in a hook, by which was 

on the vapaciouB liunrth, restini; on tlie two standards or andinitu, a 

name wblali may liavo come from the Anglo-Saxon brand-ma or 

Utawd-iroB, or from ibe words hawl or enrf iron. For the lafRe 

^■h^n flra, tlie standards were sti'Ong and niasslve liut <[uite plain. 

^^^h the hall, that ancient seat oF hospitality," says Tomlinnon, " the; 
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I also strong and massive, to enpport tlie weight of ihe liu^ k 
but tlie standards were kept bright, or ornamenlud with braas rii 
knobs, rosettes, beiuls and feet of animals, and various grotesque 
forms. In the kitt^ben und in the rooms oF common liouses the^ 
standards w(;re of iron, but in tlie halls of copper, brass, c 



In its primitive form it consisted of h simple niche cot in^the 
thickness of the wall, the sides terminatinj' in small piers support- 
ing the massive hood as shown in perspective view by Fig. 17, from 
ViollQt-IeJtao. The oldest fire-places of the Middle Ages were 




often c r n pi n he k t p 

ment of t1 e re e and the man el and 1 
posed to be of the twelfth cent ry wen 
century later, and the mantel was apt tc 
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Mae with the outside of the wall, so that the masonry ol the chimney 
shows in projection on the esterior. The hood is elliptical and re- 
solves itself, as it ascends, into a, circular flue. On the right and 
are little shelves for liiinpi^, corresponding to our modern e 
1 burners on the chimney breast. TLo low windows near the 1 
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After the tliirteenth century the kitchen, forming part of the main 
house, anil no longer a separate establishment in which whole sheep 
and oxen ivere cooked at one time, w&a furnished with one or more 
of these massive fire-places, of nliich Fig. 20 furniiihes a beautiful 
exam;>le. ]t belonged to the Abbey Blanche de Mortain, was built 
of griinite, and BtilF bears the arms of the abbey and the triple pol- 
han^ei wi h the iron plate bel in 1 il fu 1 

Here we have no piers it all thi, hood lesting on heivy corbels of 







the thickness of the 



Up to tliu foiirk'enth century the fire-places of private houses and 
elifircaux were U'-ni-rally of grvat Bimplicity, and it was only later that 
we fee any attempt at decoration. 

Fi}«i". 21 and 23 repreBeiit two fire-places of the fifteenth century, 
with jamlis of stone and lioods of wood plastered and curiously dec- 
orated. They are in the little town of Siunt Antonin (Tarn-et- 
C-onnc). 




■iL' W Ix! hosted he 
rhipty or fu y fee f*« ^ ^ ' 
' ■e decorated m a 

it was neceflSAr)' to Eupport tlie 
tel hv intermediale piers, aa sliowti 
in Fig. S6. When tlie^^e piei's ex- 
tended from the front to the back 
tlii^y fomii'd, undur n »ngk iiiaaie], 
sepiiraie (Sre-pliureg, eai'li liaviiig a 

Figs. 27 and 28, llif former lieing 
^ fi-ora tJiB Chateau ile Coucv, Frmice, 
iiid lh<! latter from tlie drnnd Hall 
if tilt) Palnis des Comtes of Poilii'rs. 
The subdivisioo of Oie opening and 
:!iie into suverat part* liBJio>.Ucv oV 
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stood how to produce imposing effects of arcliitecture, which mate 
the treatment oven of our moat important luodcrn buildings Bcem 
weak and insignificant by comparison. 

" When the counts of Poitiers, in their grand robes of stale, sat 
enthroned in this lull, surrounded by their officers; when behind the 
feudal court blazed the three Hres on their three hearths; and when, 
to complete the pieture, the assistants were seated on benches before 
the gorgeous windows above the mantel, one can imagine tlie respect 
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Tntoresling and hoHutiful as were these immense iire-placea of the 
Middle Ages, tliey were, as then constructed, open to the objection of 
being too expensive for ordinary ii^ie, both in firsl ea«t and in tlieir 
large consumption of fuel. For the majoriiy of oar modern rooms 
they would Im alti^je'l'er out of proportion in size, and about ae much 
in place as would be a smelting furnace for a domestic oven, or the 
■rrand portal of a I'lithedrol tor the entrance of an ordinary dwelling. 
Their ciipaciouB throats engulEcl huge (juantitiea of air from the 
room, — mui'h more than Wiia necessay to Bupport the combustion of 
the fuel,' — and, as lliis air fould not'convcmiently be allowed them. 
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PLATES 

XIV.-XX. 



PLATE XIV. 

Fire-place in the castle of Heidelberg. 



PLATE XV. 

Fire-place of the " Salle des Gardes," at the Chateau de Corma- 
tin. Seventeenth century, Louis XIII. From VArt pour Tous 
for 1867, 18(;8. 



PLATE XVI. 

Stone fire-place at the Museum of the Hotel de Cluny, Paris. 
French Renaissance. The fire-place formerly stood in a house built 
at Troves in the sixteenth century, and was brought to Paris soon 
after the foundation of the Museum. From VArt pour Tous for 
1869, 1870. 



PLATE XVII. 

Stone fire-place in a house at Sarlat, France. The sculpture 
above the mantel is life-size. From E. Rouyer, " L*Art Architect- 
ural en France." 



PLATE XVIII. 

Fire-place in the *' Salle des Gardes," in the " Hdtel de Alluyer," 
at Blois, France. House of the Minister Robertet, of Louis XIT. 
and Fran9ois I. It is built of stone, measures 3™. 68 in height and 
3™. 24 in width. The arms of Robertet are sculptured over the 
piers. The main panel is surrounded by a moulding which contains 
the knotted cordeli^re of Anne de Bretagne. The field of the panel 
is decorated with the losanges alternatively of France and Bretagne. 
The shield of France is surmounted by the crown, and surrounded 
by the collar of the Order of St. Michel. The birds in the curved 
cornice are sculptured with the arms of Michelle Saillard, wife of 
Robertet. From Rouyer, ** L*Art Architectural en France." 
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PLATE XIX. 

Fire-place in the chamber of the Archbishop, Chateau de Tanlay, 
France. From Sauvaoreot, " Palais et Chateaux de France.** 




PLATE XIX. 



PLATE XX. 

Stone fire-place in the Chateau de Baynac, France. Renaissance 
style. From E. llouyer, '* L'Art Architectural en France." 
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The Open Fire-place 



f- Mnnomural menns of warming it us it entered the room 

loked (as miy sensible chimney would do under 

Hud tlie oi\\y way thnt couid be iinngined to 

outing was lo diminish Uie size of the fire-place open- 

^ inulinn took place us has already been described, and 

tlic 6re-placu assumed its present economical proporlione. 

Tlie chimney continued to smoke, however, Hiid it was seen tliat 
the cure had not as yet been discovered. 

The lirst recorded effort to study the matter seriously on a icien- 
tiSa basis was that o£ Louis Savot, a phyaician of Paris, born in 
IS79 and died in 1640. Savot made a study of architecture from a 
sanitary point of view, nnil having found in the smolcy efaimiiuy an 
unusually troublesome patient, he set to work, like a true physician, 
to investigate the causes of the disease. Bui his succesB war only 
partial. The treatment he adoilaistered naB quieting and salutary, 
but he failed to discover the real trouble and the secret of its cure. 
lie improved the form of the lire-place opening by diminishinj; its 
widtti, so that less cold air could enter on eavli side of the fire, and 
ho showed that tlie llue should be smooth to lessen the friction of the 
ascending siuoke. 

His is the first recordeil attempt to save the waste heat of the 

roke and the biick of the fire/ The famous Bre-pkce at the Louvre, 
wliith Fig. n gives the front elevation and Fig. 30 the si'tlion, 







e by liiui, and shows the manner in 
1 room is warmeil not only by direct radi- 
'1i llie ordinary fire-place. l)Ut also by the heat of 
.1 1 1' iif the room enters the opening shown under the 
the back of tlte firc-nlaru and above the top, ns 
■, iinii returns heated inio the room through the 
itiidur ilio innntel moulding. The ornauientiil 
^B pmin^t tn front of those open! nga aii^w toUav«\Kcad««v|,'\v.'.*L. 
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to d(t(li;ct tlie wanned air upwards as it issued from tlieui, and prevent 
its ruturnin;; at once into tlio fins-plaue. To admit of this circula- 
tion of air tha lii'e-]ilaue was, of course, made double as sliown, and 
tliu itmur box was maile of iron. In tills way a portion of the cold 
air at tlic bottom of t!ie room was lioated and tended to rise to the 
top, anil a certain amount of heat was saved. This iugenious con- 
trivance does not a])i>ear to liave boon appreciated or successful, 
thoii<!:1i, since the time of S.tvot, the airaagement has, with slight 
inoilifieations, been patented over and over again as a new inven- 
tlun. By it neither was tlio air of tlio room changed nor was tlie 
(]raui<;ht of the chimney improved, and tlie saving of heat does n 



ap]>ear 



■> ha 



: been snllieicnt to bring about its inti-oduction. 



iiple modification in the nature of its air supply, however, would 
rendered tliis invention of the greatest value. By tiiking tJie 



hereafter to be <leEcribed, and in consider 
would hare formed one of the h^^t of its class known, 'lo 
f tlie hearth tlio fire was raised three o 



tiiches above tliu K'^iK'ral floor level, 
cllielent in wanning tlie floor of the i 
nunilier of rays of heat would uvidenth 
httt a I 

1; 3 otv n s c o ano f 



This rendered the fire more 
Jin, inasmuch as a pireater 
itrike the floor, and all at a 






I lip- 



id an<l becomes light- 
h n u rounding air, it is no 

e hi uaintain its c<|uilibriiiin 
w h old an<l deni=er column out- 

I I h rcfore rushes into the 
hue -o the cracks and crcv- 
d ng he warm nlr up the 
u e balance is restored. 

If now I ese cracks arc all closed, 
the told air will force its way into the 
room thi'OQgli the chimney itself, dc- 
fcouding ou one side of the flue, while 
^ the hot air and smoke ascend on the 
other A slruj^le will ensue between 
"' the two opposite currents, canting the 

spasmodic ilh , or in puffa, bringing part of the smoke 
X. 

t let a separate inlet be made for the outside air and it will en- 
-16 room 111 a ftendy stream and drive the scnoke i^nioothly and 
lly up the Hue. In the majority of cases a smoky chimney may 
ired by observing this simple law. Tlie first really important 
in improving the chimney draught, then, was made when this 
liici^le was recognized, and a sulfiuient opening provi<led for the 
vIm/oh of the outside air. The manner, however, in which tlie 
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Thv Open Flre-Place. H5 

Ji»d rf Uie ftlr was at first aeeonipUsLed w,is such as to improve 

draught only M the expeoEe of the ventilation of the room, as 

be seen bj* examining the nccompnnj-in^ Fig. 3-2. It repre- 

the appursilus of Sir John Winter, invented 

,r was hroujihl in under the gratis from 
! outside nnd ncteil on the &re as n powerful 
A vttlve was placed in the aiipply-pipe 
A lij- it tlie amount of entering air was repulHled 
to tJic requiremeots of the fire. It will be seen at 
once thai wLeu the supply-pipe was large enough 
and tlie valve was opened the lire would be auji- 
plied willi air entirefj- by this pii«.', and all objeu- 
ticinable draughts through window iind door cracks 
be efiectually debarred. Hut it must aliio be t>orno 
ininind that by just as far as the dnuight was sup- 

'"''■ '' ' by just so tar would tlie vi>n- ^'^ ^^ 

; reduced, and if the pipe supplied all the air 
itilation would be nothing 

nta the settioii of another form of lUi, blower" 
(himnev, almost entirelv abandoned at 
the present dat, but at The tune of iIb 
lusenlion much m \ogiie rhe fresh 
air IS brought m a canal from tho out- 
bide and turntd on the fire from above, 
[ IS in^ between the Iwo plates repre- 
"■■nic ! m «nmm i !i kr the mantel. 
i\„= Ilia all LliL lI jeetioQ- and none of 
the adv uita_ea if ihe blower of Win- 
n of the room \s de- 





il 
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1 111 orhooi) of the lire, 
an i till !« uit. t d.hven of (.old air is 
n t lo4 lied fa\ r^hl) foi stiinulaling 

StiU annthi-r form has been much 

' " praised, though witliout a shadow of 

\ il th f t-h air i* introdoied into the room directly from 

1 loE Un fljor, just in front of the fire plan under 

llio purpose Tile form of the fender is such 

itiLDg air forward upon the fire as it enters 

ible fonn of fin pWe and besides having all 

ji([Loii° e< III u ite 1 'i(o\L IB liabk to eto^ with dirt and is 

ttuid expensni- to i uii^truit 

L modification in Ilit i i f supphing the fieah air so tliat it 

A tensed to vi-nti! it u I warm thu roam before feeding the lire, 

^Id tiavs renderoil \V inti;v s invention of the greatest value. 

J, tlicrufore, also a failure, though it has, since 

>, Bf ter hiivi n^ undergone slighl laodvficMiawi 'u ' " 
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general principle, been frequently patented as a new idea. It only 
remained to combine the inventions of Savot and Winter to produce 
most useful results. 

THE VENTILATING FIRE-PLACE. 

This combination was made, in 1713, by Ganger, the real inventor 
of the ventilating fire-place and, indeed, of almost all the most im- 
portant principles of im- 
provement in the form 
of the fire-place since 
the time of Savot. He 
gave the fire-place the 
elliptic form as shown 
in Fig. 34, instead of 
the square form hither- 
to used, for the purpose 
of improving its reflect- 
ing power. He showed 
that, with the rectan- 
gular jambs, very few of the rays of the fire are reflected into the 
room. Thus, if we suppose a fire to be at F in Fig. 35, in an or- 
dinary fire-place, only 
two of the rays repre- 
sented by dotted lines 
as striking the jambs 
would be reflected into 
the room, the rest be- 
ing thrown upon the 
opposite side or upon 
the fuel or back of the 
fire-place or up the 
flue. With the curved 
back, however, all the 
rays come into the room. 




Fig. 34. 



-*• '». 



^ ^ -_ 









-X. 
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** Geometricians,** he says, "are sensible 
that all radii which set out from the focus of a parabola and fall 
upon its sides are reflected back parallel to its axis." So any ray 
falling from the fire or parabolic focus F or F', Fig. 36, and striking 

the back of the fire- 
place, will come into 
the room. The same 
\ » \ will happen to any ray 

coming from any part 
of the fire intermediate 
• between the two foci F 
and F'. 

The fire-place of Gan- 
ger, besides the para- 
bolic jambs and a small 
soufflet^ or blower of 
''^Inter, had also, after the principle oi Sa\ot,W\o^\i«.^V, \acw3L\>^, 




Fig. 36. 







lerufrom. 

_ Bee ibat the 

irac ill want of a pra[ier word to expresa hia idea. The word 
atioD " did not then exist. Dr. DeaB^uliers, the translator of 
'• treatlae, vpuo the Rrst to ubv it. 
i objection to the fire-pkce of Gnuger is thnt it is eomewliat 
've, ftud difficult to deanie or refwUr when out of order. 
v<9 the sIoniDg baclc the porabohc form is almost too much of 
uunC, itn<l the snuglet is unnecessitry where Buf9i:ient air is 
1 bj- the caliducts. Moreover, the hottest part of tlie fire- 
it jnst dtiove the Haiiie rather llian behiod or at either side. 
'""o (he cnlicliiuls of Gauger do not occupy the most lulvatita- 
«ition vrilh respect to the lire. By modifyin»; theao deiaiU 
rcring the form of the cliimney-thront the arrangcaieiit 
I made mivli more perfect. Tliu cxtvruiil air, in passing 
the caliiUiols. is, nevertheless, raised to a temn«i!«,te \\%«i^, 
tl fpreail* itwif thmnuh tlie ulminWv. a'-ain coiAs, ^cM;e."^4.»^ 
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and, after ventilating the room, Buppliea the fire with air, and es- 
capea up chimney. The Gauger fire-plates were constrncteil for the 
combuBtioa of wood fuvl. Dr. Deaaguliei-a modified tliem for coal, 
and put up a considerable number of them in Londun. For a 
time they were appreciated and rose rapidly into favor; but, unfort- 
unately, an outcry was raised against them by scientific opponents 
of Dr. Des^uliers, who declared Cliat these fire-places "burnt the 
air, and that burnt air was fatal to animal life; " and the death war- 
rant of tlie new fire-place was signed. When used again they ap- 
peared under a different name and protected by patent rights. Tlie 
unfortunate Dr. Desaguliers mournfully remarked, " As I took so 
much pains and care, and was at some expense to make this arrange- 
ment of air useful, I can't lielp complaining of those who endeavored 
to defeat me in it." 

SMOKE-CONSUMING FIRE-PLACES. 

In 1682 the savants of Paris were attracted by the exliibition of 
the "Furnus Aeapnoi " (smokeless stove), invented by Dalesnie. 

It was simjily a fire-place resembling a large clay pipe. Fig. 39, and 
its object was to consume its own smoke by causing it to pass down- 
wards through the burning fuel before entering the cliimney flue. 
In the ordinary 6re-place a lai^ portion of the fuel escapes un- 
consuined in the form of smoke, wbicb, in large cities like London, 
becomes a serious nuisance, hanging over the city in the form of n 
dark cloud, and fillin<! tlie atmosphere with soot and impurity. To 
consume this smoke it is only neccbbary to bring it in contnct with 
the glowing cinders of the fire, when it will at once ignite and giie 
out its lieat. Ilie Fuel, wood or coiil, is placed in the vase over the 
grate bars. From the ash box bi-low the grate bars an iron smoke 

Eipe leads into the brick Hue, which 
as no other inlet for air than through 
tlie fuel in the vase. The upper part 
of the iron stnokc pi|>e is then licnted 
by a lamp in order to estnhlith a 
drauglit through the fuel. Brushnood 
is lighted at the top of the coal, and 
this, burning donnwanis, icnites the 
entire mass. The smoke of any new 
fuel supjdieit from al)ove is consumed 
in passing through the glowing coals 
~ ahi'ady ignited. 

Justel, nlio described this arrange- 

F,j '1 nient to the Royal Society in 1681, 

says tliat " the most fcetid things, 

attir- «biidi -,tiiik .ilnmiinablv when taken out of the fire, in lliis 

ine m.ike iiu ill Mcnt, neither do red herrings broiled thereon. 

die other hand, all perfumes arc lost, and incense makes no 

I at all wben burned therein." 
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The invention of this device was claimed by a German named Leut- 

mann, who called his 

fire-place the ** Vulca- 

nus Famulans," — of 

which Fig. 40 ffives the 

appearance. 

But it is difficult to 

see how the draught 

could be effected in mis 

machine, both on ac- 
count of the break at 

the end of the iron 

smoke flue which would 

admit the external air, 

and on account of the 

small size of this flue. 

For these reasons 

Franklin <»ives it as his 

opinion that the inven- 
tion not only did not g 

belonj^ to the German 

at all, but that he did f^'g- '^O. 

not even understand the principle and working of the machine he 

claimed as his own. 

Fig. 41 represents another smoke-consuming apparatus, similar in 

principle to the preceding, but 
placed against the wall like an 
ordinary fire-place. To estab- 
lish a draught it is necessary 
to burn some kindlings within 
the little door j)laced above the 
jjrate before lightinj; the fuel in 
the latter. This form of fire- 
place is objectionable, on ac- 
count of its liability to smoke 
upon slight provocation. 

Mr. Touet-Chambor attempted 
Fig. 41. From Peciet. ^q Overcome this objection by 

placing tjie grate in a niche, as in Figs. 42 and 43, and having two 
openings into the flue, one above, as in the ordinary fire-place, to use 
when the fire is first lighted, and one below to reverse the flame. 
He added the tubes behind the fire-back to save the heat of the 
smoke and flame, by warming in them fresh air from the outside. 
The position of the upper openings, however, is such that their pres- 
ence is far from being an infallible cure to smoking, and the objec- 
tionable ap{)earancc of the fire-place, when partially blackened by 
smoke, can easily be imagined. 

These objections may be removed by certain modifications here- 
after to be shown. 
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Franklin accomplished the same result, of consuming the smoke, 
in a different manner. Instead of reversing the flame, he reversed 




O 

Fig. 42. From Peclet. Fig. 43. From Peclet. 

tiie grate. The device is shown in Fig. 44. The grate- is cylin- 
drical in form and revolves upon a fixed seat. The fresh fuel is 

thrown in through the door, represented 
in the figure as opened and supporting a 





Fig. 44. Franklin's Smoke-con- 
sunning Grate. From Labarthe. 



Fig. 45- Guttler's Smoke-consuming 
Grate. From Edwards. 



pitcher. This door is opened for the purpose by means of a poker. 
The door is then closed, and the grate revolved by means of the 
poker, so as to bring the fresh coals underneath those already burn- 
ing. By this means the smoke of the fresh fuel is obliged to pass 
through the fire or red-hot coals, and is ignited. 
//; J815, a, Mr, Guttler took out a pitent iw a ftmbke-consuming 
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grate, with a chainber or mnc^iizine nttaehed, for c 
pient fill'! lo last all day. Fi", 45. The following description ifl 
from Rees'a "Cyclopedia:" ''The bottom plate of the ehitmber U 
movable, and, by means of n wheel and Rxle, the fuel contained in 
tbe chaniher can be raUeil go as to bring « portion of it into the 
grat« at the lower part or from beneath, and thus from time to time 
replace the fuel that is consumed without the trouble of throwing on 
conls. To innhe llie fuel burn, tbe llue must be so constructed aa to 
pmlucc a slron<^ draught through and across the top of the fire. In- 
troducing the fresh conla from beneath causes the smoke therefrom 
to b* uonsumed in passing through the superposed hot coals. Another 
improvement is to reduce or extinguish the fire; the fire is lowered 
into the chamber bcnearh the grate, and is thus deprived of a sup- 
ply of fresh air, and is consequently soon extinguished." If by this 
rouuns the smoke could he entirely consumed, soot and chimney sweep- 
ing would ije unknown, and smoke could not enter the room because 
it would cease to exist, and a fire so readily extinguished would be a 
great source of comfort to the anxious housekeeper. 

Dr. Arnott efibcted the same object by a somewhat simpler means 
in his " Smokeless Fire-Place." Fig. 4U. His coal chamber has, like 
Guttler's, a false bottom or piston sup- 
porleil by a piston rod with nolclics, in 
wbioh a catch engages so as to support the 
piston at any required height. By placing 
the poker in one of these notches, and rest- 
ing its point on some fixed support, it may 
be used asalever for raising the piston, and 
lirint!iii<r a freih supply of fuel ijito the 
grate. Should it be necessary to replenish 
the coal-box, wliile the Qre is buroing, as 
when tbe piston has been raised Ut iis full 
height, a shovel or spade, which may be 
wfule for [he purpose, is pushed in over the 
nictj>n to take itB place, while the piston is 
lowered. The spade is then raised in front 
by its liaridle, presses upwards the two 
front liars of the grate, which bars are ar- 
rnngeil loose for the purpose, and cxjxiace 
the tuoulli of the coat-box. and a new 
charge of coal is shot in. It is. of course, 
important that the piston should lit ace u- 
ralifly in the coal-box to prevent ingress of i„i; 
ur from below, or in otlicr words to Itmit^'--'' 
the eoKibiislion to that part of the fire 
which ia visible from the room. In recom- Ftg. 46. Dr. A.noit't Smok«r»i 
monding this device. Dr. Arnott stated Fif«-Plic». 

that tbe cost of wKshing the <!tothcs of the inhahitanti of London ws 
greater by two and a half million pounds sterling a year llian tor th 
s niiniUrof fumilies resident in the counW^Ao *k^ ni'OsA'a'i, ■ 
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the injury of such articles as carpets, curtains, female apparel, books 
and paintings, decorations of walls and ceilings, and even the stones 
and bricks of the houses themselves, from the same cause. He also 
urged that the frequent washing of hands and face led to an in- 
creased consumption of soap ; and that many trees and shrubs could 
not live in a smoky atmosphere like that of London. 

Nevertheless the complete combustion of the smoke will not render 
it wholesome to breathe. Some injury is no doubt caused by inhal- 
ing soot ; but by passipg the smoke through the fire in some smoke- 
consuming apparatus, while we save the heat, we convert the visible 
soot into invisible acids, carbonic, sulphurous, and pyroligneous, 
and ammonia, etc., of which, with water, it is composed. 

Figs. 47 and 48 represent the smoke-consuming grate of Atkins 
and Marriot, an ingenious contrivance, which introduced fresh coal 
at the bottom of the grate as it was wanted. The section shows 




d 



n 







Fig. 47. Atkins & Marriot's Smoke-consuming Grate. From Edwards. Fig. 48. 

clearly how this was done. The idea was to obviate the possibility 
of the whole body of coal fjettin^ into a state of active combustion, 
as in Guttler's ijrate. It either was not understood, or was for some 
reason practieally objectionable, for it does not appear to have met 
at any time with success, and was soon forf^otten. 

These smoke-consuniini^ fire-places never came into <2jeneral use on 
account of their awkward aj)pearanee. and the inconvenience of man- 
a-iino;- them. Thev involve machinery which is a little liable to net 
out of order, and few honsekeepers are philosophers enoupjh to be 
willing to undertake the management of a machine requiring espe- 
cial mental effort, where the advantages are not directly visible to 
the senses. The average servant is thoughtless and impatient enough 
to prefer the primitive method of ''discharging an avalanche of 
^oah '* upon the fire from the hod, to going through the experiments 

fth the lever, ratchet, wheel and ax\e, rccomm<iuded by Guttler and 

Tiott. 
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Moreover, the complete eonibugtion o£ llie smoke:, nnil indeed every- 
tliing else connected with the fire, has been considered of minor impur- 
tAnce, eoinpared with obtaining a " good draught " at any enei-ifice. 
If we Assume that but rd eighth or a tenth part of the fuel talies llie 
form of unconsumed smoke, and consider that a tenth part of the 
entire heat eenerated by the fuel is more than we orUinanly realize, 
the saving by tlie itee of a. smoke-con earning apparatus would, in an 
ordinary Rre-piace, amount to only about a hundredth part. It is 
Gvidenc, therefore, that such a refinement on the seoro of econamij is 
nbsun), jii long as we allow the waste in other ways to be so large. 
If we throw away nine tenths of the fuel tonauniud, we cannot com- 
plain of the loss of the one tenth of the remninder which is unton- 
sumed. 



I fuicy 
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IMI-noVKMKNT I» THE FORM OF THE CHIMNKIf 1 
Tlic next important step made wan in the improvement of the form 
of iho smoke flue where it connects with the fire-place. Cold air, be- 
ing heavier than warm, will fall below tile Intter, and press it upwards 
to make way for itself. Thug the air in the neighborhood of the fire- 
place will press the hot smoke up into the chimney throat. If this 
throat is only large enough to take the aoioke, hot air only will enter 
the flue and the draught will be rapid. But if the throat is larger 
than necessary, that part of the cool air of the room which enters 
tlie fire-place and becomes most lieatod by the fire, and next in buoy- 
fUley to tbe smoke, will, in its turn, be pressed up by tlie cooler air 
'"Nod it, and enter ihe lluo alongside of the smoke. Indee<l, (he 
volume of the ab- of the room, being warmer than the outfidc 
^« will tend to enter the llue with the smoke, so long as there be 

: !.i_.i ^^ jy entrance. The heat of the column, and eonso- 

ipidity of its rise, will thoreforu be proportionally di- 
ininiBhed. For this reason the ibroat of the chimney should be con- 
tracted until it is no larger than is euliicient to carry off the proiiucts 
of coinhustion. A slmilaF contraction throi^hout the entire length 
_rf the Hue would be deaimblo, were it not that an allowance must be 
diwging up by soot, and for the resistance by friction to 
Htge oF the air offered by tbe ronnh walls of the flue, 
first to recognize and apply this principle was Count Rum- 
"" 1803). He published a number of valuable and intercsl- 
wjt on variou.'i niatlerN of domestic economy, one of which 
roted entirely to lirt'-pliircs utid chimneys, Jiut he is lo be 
for not investigating or at li-ast acknowledging the jirogresa 
f his prodecexsors in tliis parliciilar. He says, " It is, Itow- 
"Ite certain that the iiiiantiiy of heat which goes off combined 
: smoke vnpor and heated air is much mora considerable, 
three or four times greater at least, than that wiiieh is sent 
the fini in rays, and yet small as tlie qnnntit^ is of this 
)eal, it is the only part of the heat generated in the eom- 
of the fuel burned In an open fire-place which is ever em- 
«r whlcli can ever be craploycd lo t«Miti% % ■cooth-," ».•**>. 
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again, * As it ib the racliated heat alone which can be employed in 
heating a room, it becomes an object at much importance to deter- 
mine how the greatest quantity of it may be 
generated froin the combustion of fuel." Thus, 
however much good he may have done in im- 
proving the form of the chimney throat, and 
ID calling public attention to the advantages 
of bevelled over rectangular jambs, he cer- 
tainly also did much to discourage any further 
effort in economizing the waste heat of the 
smoke, and should therefore be considered as 
having really done more than any other one 
man to retard the proper development of the 
subject. He complains of the enormous waste 
of heat, and regrets ihit no mean" of saving 
It can be invented, m the face of the discov- 
eries of both Savot and Gauger Even his 
bevelled jambs for better rcflecling ihe raya 
into the room had long since been reeoni- 
.nded by Giugtr Thev were brought for- 
\ ward as quite new by Kumford In speaking 
Fii 49 F om p»cist °' '^^ waste in unconsumed smoke, he says, 

town, this blick cloud which hangs over London, without wishing to 
b(. able to compute the immense number of chaldrons of coal of which 
It IS composed for could this be ascertained, I am persuaded so 
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tJie back, or, wh 
same tiling, of 45 
front of the fii-e-p 
der, as he said, to 
t possible 
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^idured the best propo 
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dth o 



to 




when the width 

■was equal to the m 
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bust. He objected to the use of 
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noled off the Hve, but advocated sc 



n for these surfaces on accoont 
, which wasted the lieat and 
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aa fire-cla^. We also olijecleil to circular covings, on the groun'i 
tbikt*Uiey {irotluced eddies or currents, wliich (ronlil be likely to cause 
the chimney to smoke. 

But hia (hitf, or porliBfis only, real improvement consislcd iti the 
reiluction of the sixu of tlie chimney throat, and ihe rounding off of 
lliv tower edge of the chinini'y breaat, as sbDwn in Jt'ig. 51, in order, 
aa Lii said, to alFord leee obstruction to the ascent of the smoke. 
When ilic chimney reqnin.'d sweeping, ihc plnte or fln^stone opposite 
this raunileil etlgu uould be removed so as to open Uie thiont nnd 
be rciilnci-d sftcr the operation. This form is given by Rumford is 
however still defeetive. TLo small- 
est luu-t o( tlie flue should be at the 1^ 1 ^^^^ 
boltooi, ju shown in Yis. 02, so aa to 1 -I 
prevent the entrance into ihe flue 
of un burnt air from the room. 
From this point it should increaEe 
tomewhat. to allow of k slight vx- ' 
pftasion of the heated column and 
todiminiah its friction agniuBt the 
walla of the flue, aa well na to allow 
fOF a partial clo°^ng hy soot and 
— *" tile resistance to its passive of- 
d by the rouzhnes* of the pmslcr ^ 
9 back of the fire place should 

. I liKline forwards as ihown 

I order tu lutrease its radiating effett ' 
The 




Fig SI 



Count Bumtords c«tt>s tlie sub- 
stnoiia! nature of hw ncknowledgeil 
improitment Ihe faeibly with 
which tC could bo listvd, and tlie 
enlhu lutm widi which lie urges its 
impurtauce the detailed directions 
he gives tor th( guidance of the 
builiier and the hbcnilily with 
I whitli he offered the free use of his 

I inieniion and oenicea to ihe pulilic. 

Jail ((.nded to make a permanent im- 
„,,^ pression and not onh to give the 
Rumfoid fire pline prtetdcnce over 
all others but eviii to place tlic 
r altogether in the shade So much in the shade that., tliougli 
litelymm'c important as tending to improve the \entilation of 
kpartment and the draught of chimnei is will as to save ihc 
itt heat of tile fuel, ih^y were almost forgotten and so far as tlie 
^. wdT the public is concerned remain so iiii lo tht prest-nt day. 

Ct wai the inflaince of Count Rnmfnrd as a man of science, 
ftbllity ta a writer, that bis failure to acknowledge ibe value 
K'tbe iHcrts of Ilia predweesom seemed like a itif.U ui 
roved (lie severi'st blow to ttc cwisc. 
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Almost all modem gratea are baaed upon tbe pnociplea etplained 
hy Count Rumford, and a lire-place was considered perfect which 
was made in accordance with them. It was a rare exception when 
anything beyond this was thought poa^ible. 

The modern grate represented in Figs. 63 and 54 called Sylves 




ter's patent, formed one of these exceptions, and was introduced 
about twenty years ttgo.' In lliis the fire was put lower down ihan 
it had been at any lime since coal became the staple fuel. The 
bottom of the gmte waa formed of separate bars, which extended 
considerably into the room. A curb of iron and a raised bar of cir- 
cular form were used to enclose the bars and answer the purpose of 
a tender. The back and sides of the lire-place were formed of fire- 
brick. Instead of the register door above, Venetian plates were 
provided at the back of the ({rate for the escape of the smoke, tvhich 
could be opened more or less by a touch with the poker. Thia erate 
ia rpiite common with us to-day; but it is rare that we see it with the 
veiitilatinp; attacliinent shown in the figure, and operating on the old 
princijile of the flre-pjace at the J.(Ouvre, described by Savot. The' 
air from the room wa.« warmed against the back and top ot the fire- 
place, in the spaces shown in the section, and afterwards returned 
■nt<i the roo[U. 

The contraction of the chimney throat by means of the Venetian 
plates, which could easily be i-e^ulated, was an excellent application 
of the principle advocated by Kumford. Tbe projecting bars re- 
flected considerable heat, but there were certain disadvantages. The 
apparatus was necessarily expensive. It required more than usual 
care in setting. Tlie fire was injudiciously low, and the necessity 
0/ removing the bars individually for the purpose of taking away 




veiitilnlin^ flnus. It. naa siniplj' built after the Rumforil prin- 
I, and way be taken aa a type of wliat was and la considered a 

Vkctgrftte or lire-place. As In Sylvester's dcvioe, the smoke paaset 

ny from faelilnil, but through a single arched itperture insteiul of 

fetweeo Yenetiitn plates, A riolishwl surface of iron 61Ia u[) ilia 

tpnee bi'twi-en tlie aperture and the front of the ^rale. A pan to n*- 

L'eivt^ the ashea is fitted below the fire bars, and is made to project a 

tew inches in front of them, where it is covered b_v an open grating. 

e-brick ia used hehind the hars to enclose the fire, and a door to 

.re backwards artel forwards is used to I'egulalc the openinir into 

IP chimney. The iron-work is ground and stained black for dining- 

lE and libraries, and is ground and polished bright for drawing 

SurDished steel and ormolu Rre introduced, of course, for those 
|0 can afford to pay for them, and the ash-pan itself ia sometimes 
|l«triicteil of stamped and highly burnished steel bum, which, ac- 
"'ing to Edwards, the grate manufacturer, gratify the ladies by 
r brightneest Two curious circumstances attending the intro- 
'on 01 this grate are that it was not made of a aomicircular form 
« inventor, but elliptical, and that the notion was given over for 
npsll *om of money to a munufuclurer, who called it a patent, and 
" 'ined the sole jirivilcge of using it for many years, till it was di»- 
red tlinl there was no such thing as a patent in existence. Even 

1 the inlrofluctiou of Stephen's grate, another one, known as 
'a pittent, and shown in Figs. 57 and 98, was introduced, which 
-'ed Mveral similDrn null (illations, but only succeeded in becom- 

? little knowDi The form of the upiter part was square in- 
seoifcircular, and the door at the wwk ot Aa ^c^Vi^'wiAsiiA. 
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of being suspended from the bottom, as in Stephen's apparatus, was 
suspended from above and balanced by chains and weights, so that a 
slight touch with the poker could move it up or down at pleasure, 
and increase or diminish the draught. This fire-place was, scien- 
tifically speaking, superior to Stephen's. The amount of reflecting 
surface was greater than in the semicircular form, and the draught 
into the chimney was far more perfectly regulated than by the Ste- 
phen's door. It is curious to observe how instantaneously the draught 





o 
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Fig. 57. King's Patent Grate. From Edwards. 



Fig. 58. 



is affected as the door is brought in proximity to the fire or is removed 
from it, and how perfectly all the products of combustion are carried 
off when the opening into the chimney is exceedingly contracted. 
The grate, however, failed to excite much attention for one reason, 
and one only, namely, that the square form was not at that time cal- 
culated to be so popular as the arched form. " It is," says Edwards, 
** of no use to attempt to reason upon matters of taste. It suffices to 
state that the arched form was at that time novel, and that few would 
look at any other. King's grate was subsequently made of the semi- 
circular form, but not until the other had gcot the run, and it had be- 
come practically impossible to supplant it." 



THE SLIDING BLOWER. 

Soon after the improvement made by Rumford, Lhomond added a 
movable blower, as shown in Figs. 59, 60, 61, and 62, allowing the 

opening of the fire-place to 
be increased or diminished at 
will. In this way the entire 
current of air could be turned 
upon the fuel, and the open 
fire - place becomes trans- 
formed into a closed stove, so 
far as the concealment of the 
flame and the improvement 




f)g. 59. 



of the draught are concerned. 
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This is at times verj ueeful with chimneys liable to smoku, [inn io it I arty 

when the fire is first lighted, and it is very nen- 

erally lued in Europe, especially in Patib. The 

blower is composed of one or more leaves oF 

«heet melal (Fig. GO), eliding one over llie uther 

in tlie slotB, as sbown on tlie plan. The lowest 

is lupportcd in the niiddle by ft eliain whieh |^ - 

paanea over two pulleys, and is bnlmiced by n 

weight. The use of this blower is, of course, 

an effective cure for smoky uhimneya, becaust- 

it may be dosed so as entirely to cover the firu, 

but it is an expensive cure, singe it sends a pan is 

of the radiant Dest up the cbininey. It is true Fig. 60, 

that the high conduutibilitv of the metal pUte allows heat to pass 

through it rapidly, but the loss is uevertheleas very great when closed 

ovur noil- ventilating fire-placea. Its use is only to be reeommviided 

where no better means of preventing smoke is to be found, or wliere 

a. powerAil draught h required (o ligDt the fire rapidly. 

A goo<i arran^ioent of the grate for burning coal is to have the 
entire grate project beyond the lire-place so as to utilize the great- 
est possible amount of radiant heut. A eemieircular hood of metal 
over the fira would then serve to direct the sniolte into the diimncy. 
This hood, being a heat conductor, would also transmit a large portion 
of the rays of heat into the room. 

The fire-place of Lhomond, as ahown in Pigs. <il and 62. is designed 
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Fig. 63 represents the movable grate, invented by Bronzac. The 

fuel rests on a small carriage with wheels or casters, nhi(;h allow of 

its being brought forward into the room, when the fire is onoe lighted 

and burning well. The grate or carriage consists of a cast-iron box, 

open in front, and was used nitb an ordinarv fire-place of Lhomond or 

Kumford These grates according to Peclet well made at first, met 
-with great success but upon the expiration 
of the tLrm of tilt patent iicht their con 
ti uction was lose caretui and thej fell into 
(iiniparative disuse At the Lnnt.r al Ex 
liiiiition uf 1855 an apparatus of the same 
nature was exhibited The grate could be 
liiought forward several meters into the 
room the smoke then passing into the 
clmnniy tlirough a flue formed of sliding 
tubes, htling into each othei like tho e of a 
rajtelfLope As to how far the U'W of such i 
'^delict. IS Itkdv to spread in our modern 
apartments is a quealion of whiili each is 

b It ablH to ]ud^ for him<ielf But it "i. 

able for the shop of the tinsmith or tht. 

laboratory of tlic el l mist tliin foi an 

ordinary living loom 

Various other forms of the movabk 

"rate have l>een iiiienttad a common 

lorm among whicli is tlie hatiging-bnsket 

grate, now occasionally used, sup|)orted 

by a chain on a awivei bracket projecting 

from one of the jauibs of the lire-place. 

This form of grate is objectionable on 

account of the dllliculty of holding it 

firmly while ivplenisbiiig or poking the 

fuel. It is sometimes utud on account 

of its oddity or (licluresqucncss. 

In lT4n Franklin invented the famous | 
Fcnnsylvanian Fire-Place (Fig. 64), i 

which the smoke dei<Ceilds to tlie l>OttOill F,g. £4. Fnnklin's Penmylvanlsn 

of tlie fire-plate before it enters the flue, Fire-piace, 

in order lo heat tho surfaces of the fresh-air channels enclosed in the 
fire-back. This lire-place of Franklin's, however, was closed in front, 
aJid was objectionable on that account, the Uro not being visible. 
It belongs therefore rather to Hit stove family than to that of the 
fire-place, as its name implies. It was modiiicd by Desiirnod, who 
opened the front to expose the fire (Fig. G5), and added on each side 
Miwe Uttiv tubei which entered a larger one, through which the 
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■moke passed nnd %a,\& out a large part of Us heat before entering 
tlia ehininey. In short, thit nppiiratus consists oE r small fire-place 
inside of a latter one. Above llie smaller is tho opening through 
which fresh air enters the rooni. The system of an inverCed saioKQ 
flue was also adopted by Montalembert, who in I'fiS invented (belire- 

Slace and chimney represented in 
'ig. G6. It consiatB of a small cliim- 
ney inside of a larger one. Upon 
lighting the fire, the damper at the 
top of the inside flue \s opened, and 
that OD the outside tluc closed, by 
means of cords and tnasels, allowing 
the smoke to rise directly into the 
chimney. Once the lire is well 
lighted, the dampers are reversed 
and the smoke is forced to follow 
the course indicated by tlie an-ows. . 
When tlie waits of these flues arc ; 

constructed of a good healrCOn- He-SS. Doialnod'iFi.e-Plnco. Fromjoly. 

ducting material, the saving by their use may 
be very great ; it constructed of brick nn J 
the usual turrin" put upon the chimney breast 
the gain is, on tlie contrary, but slight. Not- 
withstanding this objection and tbe compli- 
cation of the construction, these chimneys 
became ijuite popular at the time of their in- 
troduclioo. 

Tlie chief difliculty with all these arrance- 
raenlahiiving the reversed draught is thoir lia- 
bility to smoke, and to clog with soot. Where 
the principle of multiplied circulation is era- 
ployed tu bring the fresh air and smoke flue 






In contact with each other, the circnlBtion should if possible be on 
tlie part of ihe fresh air and not of the smoke, unle^^s convenient 
oncnings can be provided for clBaning out. Another form of fire- 
place, constructed ow the same principle, is that of Douglas Gallon. 
repruienteil in Figs. (!7 and 68. In this the lire-placi' projects ea- 
tlraly into tho room. The smoke passes ^txwv'V liia W^jit ct.-o.wi!>. 
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top o( the sMve, followins the direction sbown by tlie httc 
fire-plaee is constnicled of fire-bricit, whicb absorbs a great quiui 
of Iteat, and, irheii once thoroughly warmed throuab, has the pen 
liarity of ritdiating the hent in all directions Tery rapidly. Soapsti 
has the aauiB property. The grate and case of the Bre-plaur 
made of iron. This apparatus can only be employed with s 
where the chimney draught is very regular and powerful, the » 
lieal flue being healed fmta some external source, as in the Herb* 
Hospital, Woolwieh, England, where, by the siile of the upright fi 
is placed a spare Rue terminating in a fire-place in the bosemej 
which enables the vertical flue to be warmed, so as either to n 
it draw when the fire is lirst lighted, or to enable a current to be in 
tained for ventilating purposes through the lire-place whcik the firea 
not lighted. The horizontal flue is swept by pushing a brush alOCT 




1 force the soot into the vertical flue, whence it can be remort 
by a special contrivance, 

The fire-place of DeseroizLlleg, with smoke flue constructed o 
same principle, is shown in Fig. 69. 

In order to diminish the unnecessary entrance of cool air in( _ 
chimney flue above the tire, without at the same lime curtailing fl 
view of the flame. Descroizllles closed the upper part of the openU 
with a curtain of fine metal gauze. This, applied to both wood m 
coal liree. gave excellent results. Glass and mica slate hare b 
used for the same purpose, but, owing to their frangible nature, 1* 
had but a limited use. The apparatus for warming the Ereibi 
[^chown in the figure ia much too complicated ever to become pi 

', evea if it were not objectionable ia many ocUer psrticulivs. ' 



which is also objectiooable 
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irliolu is conBtructeU oF metal. The metal gauze in front of the 
fire is initde to turn on a hinge on its upper Bide, so that it m&v 
be opened or cluseil at pleasure. Tlie iiuioke is allowed to pass di- 
rectly into the chimney wben the fire is first lighted, but nhen the 
flue lias been auHiuiently vrarnieil to insure a good draught, the small 
dwnper above the fire is closed, and the amoke is compelled to 
descend, turn to the right and left, rise again, and circulate through 
the l>etit pipes as shown In full and dotted lines, before it Rnaily 
uHcapes into the chimney. While the machine is in good order 
it warms the fresh uir <H!miiiiiiicaI!y and elfectunlly, provided it is 
not atleinpted to warm too much air. But it is particularly liable 
to dug with soot, and very difficult to clean out again, it being nec- 
essary to take it entirely apart- in order to do this. Moreover, the 
frequent changes in shape and direction of the various parts oCtbe 
smoKe flue give rise to numerous counteracting eddies, wliicli seri- 
ously retard the passage of the smoke; and of ten to such a degree 
that, witb fire-places having openings of the c)rdioary size for burn- 
lag wood, its use, without the gauze blower, would be quite out of 
the qiiestioD. 

Fiv. 70 given a simpler deviue, but o 
on Hccount of back eddies, soot cii^- 
giing. And smoke, without the advan- 
tage of the damper leading into the 
direct flue to fall back upon vrbcn 
the draught is feeble. 

Figfi. 71 and 72 represent a ven- 
jUMinz fire-ptaee taken from Pecli^fn 
U^Srmi do la Chateur." It is com- 
id of a small fire-place of sheet- 
, placed inside of a lari^er one 
containing the frcsli-air tubes, T T. 
Iliesu tubes are arranged in plac 
shown in Fig. 72, in such h man 
o take from the smoke, as it pa 
mreen them, as much heat n» | 

k, without obstructing lis pn.'.- 

diatinct fi-ijiii 

plirger ooe containing the tiibtis. so Unit it can easily be removed 
n it is desired to clean out the latter. The smoke and hot air of 
.biution, rising from the fuel, pass over the t)ack of the inside 
^taoe, ilescend between the fresh-air tubes, and pass out into the 
) Rue through the large opening at ihe bottom, F. An open- 
ID^ above E, famished with a damper, tervesto establish the draught 
when the fire is lighted. Tiie fresh air circulates through the tubes 
and enters warmed into the room through a register just above the 
. The usual blowerfor diminishing the size of the fire-place open- 
haeuonipaiiieB llie apparatus. This fire-place is eimnle and c^'t.vVi 
Kid my ordiniin- diiiiinuy opeoinj;. Iv t(» Veslei \jy ^Wi''*S\. ».^ 
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The reverberatory fire-place, inventeil bj- a Mr. John Tftyl(»» 1 
English architect, is represented in Pig. 73. It ia constructeil fl 

' hollow bricka Isid round an iron frame in such a manner that tl 
smoke is obliged to pat^s around and below the fire before ajuendinii 

. the Hue. An opening with a damper immediately above the Gre a. 
lowL'd the smoke, however, •" ''"i riii-ocil" in*" 'ho ninTn flne wh^ 
the Gre waa firat lighteil. 'I ! ■ : . i ■' .■ . ". • . : entirer 

lined with hollow fire-bricks. . : ! ■ ' . : '.■ . ' '!. . .: ■. v 




I Tided with oponinp;a arranged to correspond with the construction 4| 
*' 'r tluos behind, and also to preaent a highly ornamental Itpp^a' 
The fresh air warmed in the hot-air tinea formed of fll'e-oribk 

! passed through these openings into the room. Tliis hollow hri(' 
nterior was heated by the fire vesliii"; against the bricka and by ^ 
K'fluioke passing around Ibein. Tin- objections to this fire-plat!" — - 
'IhaC [he descending Une as here constructed would he liable to 
ipd would quickly bucome clouged with soot, to remove which. wodiL 
P) difficult, especially in the Tower cornerii, where it woald aoonw 
Aaatliw serious uhjeclioi^ wis the liabiltly of the hotT 
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bricks to become destroyed by the action of the fire and disturb the 
whole arrangement. This might be partially removed by the substi- 
tution of iron for brick, but such a substitution would involve diffi- 
culties of other kinds. On the whole, the deficiencies were conspicu- 
ous enough to prevent its making a permanent impression, and it 
now appears to have become forgotten. 

M. Joly, in his '* Traite du Chauffage et de la Ventilation," says, 
** When we make a careful examination of our open fire-places as we 
actually find them, the first thought which strikes us is, * How absurd 
they are ! ' They are indeed nothing more than excellent producers 
of dangerous draughts, and it is particularly to them that applies the 
famous proverb, — 

' Si le vent souffle sur toi au travers d'unefente^ 
Fats ton testament et mets ordre a ta conscience.^ ^ 

"The second thought is this: AVhy not take advantage of the heat 
at the point where it is most intense, that is, at the top of the fire- 
place ? Why cause the smoke to 
enter the main flue at a height of 
meter .70 from the ground, rather 
than at the height of 1 meter? Why 
not utilize first all the radiant heat, 
and then by means of a damper in 
the smoke-flue just over the fire (Fig. 
74), when the fire is lighted and the 
draught established, why not, as in 
the Russian and Swedish stoves, turn 
the smoke into one of the idle piers 
,-• ^'-,V^ • TV"."* ^- under the mantel, convertinor it into a 

Fig. 74. Suggestion of Smoke Cir- , \ n . \ i T-l. i 

cuiation.; reversed smoke-iiue, to lead the smoke 

under the hearth to the base of the 
other pier, through which it again rises to the mantel and returns to 
its starting-point before entering the flue V Why not bring all this 
smoke in contact with fresh air introduced from the outside, and 
enterincr the room through the fresh-air registers, as shown at the 
right and left of the mantel ? This would be more expensive than 
our ordinary fire-places ; but does the fuel that one burns cost noth- 
ing ? Do we derive from it all the advantage of which it is capa- 
ble?" 




^ If through a crack the draught you feel, 
Settle your con.scienco and make your will 




WITH FRESH-AIR CIRCDLA- 

with direct or straight amoke 
represtints the fire-plaee of M. 
Lpraa professor of physiuB 
Ht the L) ct um of AVq^od, 
France Tlie fire-place is 
virv shallow andeonsequenl- 
1} K great amount of radiant 
heat la ubtaine 1 The fresh 
air circulates flr'-t under the 
hearth then behind the back 
nnd sides of the fire place, and 
hnall\ escapes into the room 
tl rough the regi"ter at the 
ide= of thi. mftntel. The 
firp place openiti/ ib covered 
»ith (ilaleBof polished copper 
tn iiLireaai. the radiant beat. 
This hre place would seem 
dilhtult lo repair when out of 
order in 1 habk to smoke nn 
a oiint of It- ini nrrect form. 
Thechimnt,! ibroat just above 
tliB fire IS loo large, anil tlie 
bick of the fire plate retreats 
ihove where it should ad- 
\ar\n. The upper part uf the 
(lilL slioHn in the figure in- 
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^^K diimney. Tbis audden increase woiilil be u 

^^H iratiEition From an oblong to n squnre flue, 

^^H Fi?''- "^^ noil 7? represf^nt another dL'vice witli n better seution j 

^^H the flue. Under the lieRrth is h shallow rectangular ease of ahee 

^^H iron communicating with the external air. Upon the rear part 

^^^B this box are fixed a number of bent tubes for condnirting '* ' ' ~ 

^^H it to tlie fre»h-nir register above tlie fire. The burnt air passes b 

^^H tween the tnbes before entering the brick flue, and warms the fre 

^^^P air in its passage to the room. Fig. 78 gives in section a Gre-plaa 

^^H -with the tubes for fresh air horizontal instead of peqiendicular. ioi 

^^H armngement ia lesa effective thiiD the preceiliugi in wbii'h a Araa 

I 



produced in the tubes br the height g 




the columnof waruiair in tliem independently of the chimney d . ^_ 
With horizontal tubua no such inilependent draught extata. ThS'tt 
paratus represented in Figs. T9, 30, 81, and 32 consists of Bd~ 
iron open stove fitted into the opening of a fire-place 
air inlet situated umler the hearth. A register opens inio tfao n 
from the upper port of ibe stove, through n-hich the warm tireulA 
The stove consists of two sheet-iron boses, one inside of the othci^S 
I HS to leave a space between them for the circulation of the fi 
[ The iron smoke flue is furnished witli a damper at its junation « 
ve, which is its projier place. The cheeks of the iron oaWi 
I pierceil with small metal plates, which extend into the fire and h 
I the air spaces between the two casea. The outside a' 
[ the fresh-air channels, rises, and comes in contact with the eodt'^ 
ktbe tni-tal plates heated by the flame at tlie opposite ends. It t~ 
toters the room through the rojiister just alwve the fire. The Bi] 
■ing its complication, is feeble in heating power. 
ihoBtiui; sut'Furi- added by the pintea is too nmall to justify tb6 W 
'! OHWi'uriT, (be spaces between the m would quickly get ' ~ 
toot, a nil (I) clean them, is ex.ceeil\o^^ \i ------- 







) honzontal (ast 
n>f small U[)n>;ht prismatic tubu!t 
arrongtil in ron> di^nallyop 
positti nnU behind each other, in 
auili a way chat ihe smoke ean 
DBss bi.tween them Wfore 
ing the chlmnej lliii 
th« arrow in the section i ui ae 
tubei, which thus funn the liaik 
ot the fire-plai-e, coimett with 
ibe (resh-air inkt iluit it thi. 
lower enil, auil at ihe u[;i r 
with the w»rm nir re^i^tiri it 
the right and left uE tin' tiiitntel, 
tbowa in the elevaiioD Tlie 
..ib nireirculatin^ through ihem 
^Vme^ by the lire, and thun 
1 through 
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chimney flue 

which rend s the ren o al ' 
of the foot from the la 
quite difIiL.ul 

To obvla i; he object o 

Cordiur m dified the back j 

so as to render n ovable 

During the sweep j, f he 

chimney the hack an be 

I moved tothepoe t onbbow 

I by the (lotted 1 nes F g 

g6, thus e el) open ag 

the moull oE he cb ne 

In other TBS [vecls the op 

ation of th apparn us a 

like that of Fonde F g 

87 shows i n pc spe t e 

I Fig. 88 shows the luf vible 

I back, with the collar' oi Uil 

I lighc and left of the upper 

\ horizotttal cylinder to shut 

[ over the ends of the same 

f when in position, for the 

I Jiurpose of keepin«; out the 

I«00L The upright tubea 

' I the Cordier fire-place 

_ "e larger than in that of ' 

f ondet, and present t 

Keating surface. At the 

" duniljiiitv. hot 
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U perforated shidJ (Fig. 8B) is fitted to the front of ihe tubes 
to protect them from (be immediate contact of the fire and fuel. 
Fig. 90 shows the fire-place back in profile. 
__ Aecordina to M. Boic, a French architei't find writer on heating 
"jlind ventilation, the calorific power of this a|>paratus is tnuch f^reatef 
Than that of Fondet. He gives the results of Sdina experiments 




made by the Central Society of Architectg, Farii>, to allow this. 
The experiments were made in a room, he says, conlainlii" about 
fifty-four cubic meters of Mr. At the moment of lighting, the ther- 

" r stood at 17° Centigrsde, Nine kilograms of wood were 

and at the end of two houre the tiennoiueler stooii at 311°, 

' an increase of 13°. A similar experiment, made a few 

'• werwards in the lame room with one o£ Fondet's lietter-known 

gave, in the same lime and with the sAiiie mnoiint of 

l,_kit incrcAM! ofoalv 7° instead of 1H°. 

7 ii shown, \)uhiad ihe iuftm.e\, a. ^ttTOiiiA 'Cwi smiStst 
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flue made lar|;e enough to contain a numlier of small fresli-air tubes. 
'By this means a BtiU greater nmouat of heat may be extracted from 
the smoka before it eaters the brick line. But tlie upper enl&r<renieBt 
■with enclosed air tubes does not form a net'easary part of the appa- 
ratus. It is objectionable, as well on aceount of its costliness and 
complexity as on account oE the difficulty of cleaning or miking 

The Lloyd fire-place i a representeil by Figa. 91, aS, 93, 94, and 95. 
Two strips of sheet-iron, bent bs shown in Flj;. 9-1, are fastened to the 
iML-k of the lire-place, of which Fi^. !*S gives a 
horizontal section, anrl make the fre^h-air flues 
shown in Fijr. 95. Tlieae two side flues are con- 
nected above the tire-place with a cross tube 
stjuore in section (Fig. 9]). Tbe fresh air enters 
behind the fire-place, <tircalatea below, un each 
side, and above the stove, and enters llie room 
just over the mantel at the back ud^e of the 
shelf, as shown in the vertical section (Fig. 91). 
Tbia fire-place is to be highly recoiumended on 
account of its extreme simplicity. But the ra- 
diating surfuce of its heating flues being small, 
compared with those of Conlier, Fondet, Joly, 
i Pcclet, Descroizillcs, and others, it is eorre- 
i- spondingly deficient in calorific power. In com- 
mon with all the above-mentioned fire-jilaces, it 
is objectionable in bringing the air into inimedi- 
jar RrB-Pia'te, From ate contact with I'gl I 1 e ite I iron about the 
""■ grate and burnmg fuel i the pur[ o't of de 

riving the utmost advantage from an 
open fire, the radiant heat of the fuel - 
which, on account of its precionanes' 
(from a sanitary point of view) mi^bt 
be called "golden" heat as disliu 
guished from the ordinary heat of con ' 
vection, should be made the most of. 
To tliis end the back and aides of the *^'*' 

grate or fire-place should be constructed of the beat radiating or n 
fleeting material, avoiding the metals. Fire-clay, tiles, or soapstoiwV 
should be sought. The conducting materials may be used in plae" " 
comparatively remote from the fire, whereby the waste heat of ti 
smoke may be saved without danger of burning the air. Or, i 
' other words, the conducting materials should be used higher up abovs'J 
the points available fi>r radiation. 

Mr. Lloyd placed a strip of metal on the mantel just in front o. - 
the warm-air entrance, witli the idea that it was necessary in ordof ■ 
to deflect the current upwards as it entered, and thus prevent hoi^tf 
zontal drautrhts. Such a deflector is, however, an unnecessary coib^S 
plication. The direction of theaircurrent would be influenced chieSjrw 
Iiv its gravity or temperature, and, if warmer than the air of thftf 
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roonii woald rise at once to the ceiling; iE colder, it would fall to llie 
ground without much regard to the trifling impediment ofTered by Ihe 
deflector. This would be as powerless to influence the general direc- 
tion of the air curi-cnt, as would be a slone at Ihe boltoiii of a river 



_^,/^..^\ 
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counteract the laws of gravily by whit-h its course was deleriiiined. 
le action of this lire-place wliun lirst introduced is thus described 
br 3Mr. Llojd : — 

' " The complete and agreeable change in the character of (he air of 
OR) was at onuu apparent to everyone; and instead of the room 
barely habitable in cold weather, it was found to be the most 
rtable in the house. This stove was fixed at the latter end of 
December, 1850, and has been in use ever since without the Blighlest 
dilBculty of management, and with entire satisfaction to the inniaEeii 
of the bouse. During the first winter careful observations were mnde 
on its action, and the results are in many respects reniarkahle. 
Within an hour after the fire is liglited, the air issuing from the xir- 
passages is found to be raised to a comfortable temperature; and it 
soon attains a heat of S0°, at which it can he maintained during the 
day with a moderate fire. The highest temperature that has been 
r<iit(ained has been 95°, whilst the lowest on cold days, with only a 
outlt fire, has been 70°. The result of twenty observations gave tlie 
tUowiug temperaturesr On two occasions the temperature was 95°; 
'an fire was large, and the door of the room was left open so Uiat the 
ridranglit through the air-tubes was diminished ; on five occasiotis the 
temperature was below SO", averaging 75°; the remaining thirteen 
gave an average of 80°. The mean temperature of the room at the 
level of respiration was 61°, while the uniformity was so perfect that 
thermometers hanging on the three sides of the room rarely exhibited 
a greater difference than 1°, although two of the sides were external 
walls. As might be expected, there was no sensible draugbt fi'om 
the door and window. On observing the relative temperatures of 
the inflowing and general air of the room, it appeared that there 
must be a regular current from the ceiling down to the lower pari of 
the room, and thenee to the fire. The inflowing current, being of a 
temperature nearly approximating to that of the body, was not easily 
delected by the hand ; but on being tried by the flame of a candle it 
was observed to be very rapid, and to pursue a course nearly perpen- 
dicular towards the top of the room, widening as it ascended. It 
was also noticed that the odor ai dinner was imperceptible in a re- 
markably short time after the meal was concluded. In onler to trace 
>urse of the air with some exaetituder various expedients were 
Qse of. It was felt to be a matter of great interest to ascertain 
ponible the direction of air respired by the lungs. Tlie smoke of 
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s cigar, as <1ischargecl from tlie mouth, has probably n temperadnft 1 
about the same ai respired air, higlicr rather than lower, and was 
therefore aaaumed to bu a satisfactory indicator. On its being re- 
peatedly tried, it was observed that tbe smoke did not ascend lo aor 
great height in the room, bnt tended to form itself Into a filmy cloua 
at about tUree feet above the floor, at vrhich level it maintained itself 
steadily, while it was gently wafted along the room to the fire-place. 
In order to get an abundant supply of visible smoke at a moderate 
temperature, a fumigator charged with cut brown paper was used. 
By this means a dense volume of smoke was obtained in a few 
seconds; audit conducted itself as in the last-mentioned experiment. 
On discharalng smoke into the inflowing a!r current, it was dtffuMd 
so rapidly that its course could not be traced, but in a short time no 
smoke was observable in the room. Another experimdit was made 
with a smuU balloon, charged with carburetted hydrogen gas, and 
balanced to the apecilic gravity of the air. On setting it at liiMrtj' 




ir-opening, it was borne rapidly to the ceiling, near which 
o one of tbe sides of the room, according to the part of tfafl 
— which it was set free; it then invariably descended sIditIv, 
T»i»d made its way with a gentle motion towards the fire. The UT I 
liaa always felt fre?h and agreeable, however many continuous haWQS 
tbe room may have teen occupied, or however numerous the o<xM- \ 
pauts. It is difficnlt to estimate the velocity of the inflowing cm- \ 
rent; but if it he assumed to be ten feet per second, there would pae« 
tftvough the air-tubes in twelve minutes as much air as will equal 
»'M °i'*"*°'* °f the room. And as it appears that the air so m1- 
— passes trom the room in a continuous horizontal stream, carrp- 
J'^J^ it up the chimney vitiated air trom the lamps or candles, 
1 vapors rising from the table, it is by no means surprising that 
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siitd always be refreshing and healtLfiil. Since iliis stove 
lias been fixed, otkers have elsewliBre been fitted up on the saiiie prin- 
ciplii, Hnd havH been foand to exhibit Biniilar satisiactury results." ' 

We give in Figs. 36, 97, 98, 99, 100, and 101, plan, aeetionH, and tie- 
tails of the fire-place of Joly . Ic w unquestionably one of the bt^et of 
its kind known. It is easy to set, easy lo repair or elean, and easy 
to manage; simple in oonstruclion. eflectivu in action, unobjection- 
sbie in appearance, and equally suitable for any kind of fuel. 

Thii fresh air enters undtr the hearth through a proper duct, and 

J the hot-nir chiiniber behind the oast-iron shell forming 

'"^ the back of the fire-plaee. 

Within this shell are placed 

y 1 j^ I u either andirotis or a grate, 

[ f—T 1— ^ J according as wood or coal 

^^ — ^ rt — ^ is to be burned. A frame 
Fi^. 97. and damper at the chim- 
ney throat regulate the 
flze of the opening. The 

i^ — ' = } ^ fresh air passes ujider, be- 

l, C — ■ - ^ hind, around, and above the 

I '^ ■ shell, and enters well heated 

Fig. 9B. through the registers at the 

ri^ht and left under the man- 

t«f. M. Joly has given am- 

: room for the fresh air, in 

;ordance with the correct 
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An ordinary sliding bio 
place, for the purpose of in- 
creasing the drnnght when 
degirecl. In order to utilize 
the heat of the smoke as far 
as possible, adrum is placed 
above, and by an ingenio- 
! of slides tl 
smoke may be macle to pn 
to the right or left at plea 
uru, or to suit the position 
ol the brick line, as shown 
in Figs, m and 90; or, 
again, it may be made to pass 
most cat. 

■ "", and 104 represent 



to a moderate degree, rather than a small 

quantity raised to a very liigli temperature, 

unduly dried and perhaps burned. 

wer is attacliuct to the front face of the fire- 
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ihe Engliah CommiBsion appointed for Improving the Sitnitaiy.G 
dition of BarnickH and HospiuU. 1 
a.)iparatuB, soiiieti'nes called ttie Galto 
\eniilating Fire-Plaue, though s' 
combines the advantagea o£ many t 
thoae just descrilied, tfai: heat^radiatiDg 
rilis or flangBB of Joly'a fire-piaoe, tl 
splayed aides of Ganger and Rar 
ford, the contracted throat, and at tl 
saoio time forniahes ui ' " 
of the use of a non-conducting, pom 
fully railialing material for fire-ba 
~ and immediate contact with the fua 
"*' "" The grate is placed as far forward Inj 

the room at possible. The hearth is madB of jilate oi 

grates are of three sizes, at 

to the cubic contents of the 

be heated. A grate with a iire-open- 

ing of about 40 cenlimetere is tor s 

room of nbouC 150 cubic meters ca- 
pacity; with an opening of 45 cenii- 
■'■ 1 for afiii cubic nietera; and 

."tor 350 cubic 

i grates are required. 

\ and the iron back of thi„ ~ „ 

spHCe to admit a supply of heated air Co the foul, 
and secure a more perfect combustion of the 
This grate is easily cleaned or repaired, the froi 
))Ling secured by screws, which can be taken i 
when required, and thus render the interior and 
L'liambers accessible. In this lire-place freah ui 
hi'ated only in the immediate neighborhood of tl 
grate, but Captain Gallon, in the appendii ' * 
book on the Construction of Hospitals, reco 
extending the available bi>aLin|r surtaee of the 
Hue by carrying it through come fresh-au- flue. Tbj 
plan was adopted in the Herbert Hospital in 
manner shown in the preueding Fig. 6S, ^ ' 
the fire-place is in tlie centre of the ward, . 
d" '?* a'^'t" ''''^ chimney consequently passes under the Al 
oiig 35 I, on, ^ giiown in section in the figure. The flua 
placed in the centre of a square treeh-air flue (also shoira 
section), which supplies the air lo be warmed by the fire-pli 
By Ihia means a heating surface for the fresh air of about four sqi 
meters additional to that of the lire-place is obtained. The 
flue need not, of course, descend as in the Herbert Hospital. Ini 
of altenipting to warm the fresh air before it haa reached the 
tilating ure-place, which involves a descending smoke flue, this 
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maj be lint passed beliind the 
Iitte around the smokt^-flue. 
reversion. The Dianoer in wljich it niny be m 
compliehed is shown in Fig. lOd, and in this form E 
of chimnev we find ilie true principle of the vi 
tilating fire-piitce. The radiant heat of the \ 
is increased by the firH-hriek backing, wliilu I 
heat of the smoke is utilized for a considerable f 
distance up tlie flae, the fresh air buing warmed I 
in a chamber remote from the burning fuel. | 
The Sre-place stands well out from the wat!. | 
The fresh air entiTS behind and below Ihe grBrc^ 
and enters the room near the celling well warmed. 

Figa. 106 and 107 show the plan of this firu- 
place, the first designed with a grate to burn 
coal, and the second with andirons, and ret'eascd 
deeptr. to burn wood. This apparatus is simply 
a modilicalion by General Morin of that describril 
by Peulet in 1828 (Fig. 108), in whieh the freah 
air passes through a tube, while the smoke sur- 
rounds it as it passes up the brick suioke-Uue. 
1 is inferior to that of General Moriti, 
la a greater proportion of heat is lost 
ion in the surroandlng brickwork, 
t of the smoke, moreover, is more 
acuoant of the obstructions oiTcrtd I 

it only by the roughness of the brickwork, but F 
by the presence of the fresh-air flue, whereas in 
Morin's chimney the round iron pijie Turnishes , 
a smooth passage of a form the most favorable 
possible fur the ascent of smoke. Fig. IQS. 

In 1832 Captain Belmas, in llio Memorial du I'OHiriur du Gdnlv, 
speaks of a chimney similar in principle to that of Peclet. Finnlly 
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bj- absorptii 
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difficult 





Fig. 106. From Boic, Fl». 107, Fiom Boic 

Doudas Gallon applied the same principle, very slightly modifj ing 
the form, in heating the F!n";liBh barracks. 

According lo General Nlorin, these fire-plaeea were desisned to 

utilise more eflectually than the common forms the heat given out by 

the fuel by introducing a considerable qtiantily of freali air warmed 

[Jo a moderate degree, to replace that which has passed up the chirn- 

■, and alio to reduce the amount of cold air entering from the 
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cracks of the doors and windowB. " B«t whi 
it first propoied drew in but a sniali qoi 
of fresh iiir, acnrcely equal to one teatll'l 
that passing out through the chimney, i 
raiseil it to tvmperatareB of from 90° ta ' 
C. (about 200" to 250" ¥.), anil often i 
the forma devised by the ingenioas ' 
tain Douolas Gnlton for the 6rti-pla«e>'fl 
KngUah barracks linve furnished a. veiy aM 
iefactory solution of the problem, as haa be«B ' 
proved by tame experiments made with tm 
fire-places of this kiud at iht- Conservatory (rf 
Arts and Trndes. Obaervations show tluvl 
the amount of air admitted to the room »X 
the ceiling through the fresh air ducts at 28* 
C C<ibout 80= F ) differs but little from that 
passing off up thi. chimney so that the ad- 
mission of coll iir through the doors is at>'-j 
most prevented His introduc 



air, in addition 
warm th produced by the 
ordinary radiation from 
the tire, increases its 
healing effect, wliich be- 
comes as mnchaH thirty 
five per cent of the heat 
produced by the fuel 
while the uommon forms 
of fire-place give but 
twelve or fourteen per 
cent, and those supplied 
with Fondct's appari 
tns but about twenty ]iei 

Nevertheless, the 
Gallon fire-place is but 
little known, and sel- 
dom to be found in act- 
ual use. Bo3c 1^ its 
lailure io the difficulty 
(if removing it when wo 




out, and to tlie unusual amount of ■ 
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it requires in tlie chimney breast. " TUs icind of uliimne)' flue," 
be says, "requires too macb room, and cannot be used in ouv mod- 
ern (construe I ions where 
it beeoniuB frequently 
nei'essary to carry up 
eight smuk«i - flues in a 
wall four njeters long." 
The same objections are 
urged by Joly, who sajs, 
"It is always necessary 
to provide access to these 
double flues for Ibe pur- 
pose of denning or re- 
pair, and if they are built 
in the walls, the sjiai^c 
required for the twenty-5 ' 

five or thirty flues of an 
ordinary house would be 
enormous. On the other 
hand, what an effect these 
double envelopes would 

if concealed behind mov- 
able cases subject lo ex- 
pansion and contraction 
under the inllDencc of 
tbebeati The principle 
is good for barracks, but 
why not here siinjily 
leave the rtuea exposed to view? 
the actual srtviiig of beat by the 
too limited, although, acennling 
than with the apparatus of Fond* 




VESTILATIMG 1 



S MANUFACTDRKD IN 1 



Pigs. 109 and 110 represent in plan and section nu excellent form 
of ventilating fire-place made in Ibis country. 

It is eliuilar in principle lo ihe Joly flre-pince, but is in some re- 
Rpects superior to the French example. Tbu back of the grate islined 
wiUi Gre-clny, by which the radiation is increased and the iron pro- 
tected. Instead of the ribs or gills cast on the outer surface of the 
Joly gratri for increasing the radiation of the iron in contact with 
tbe fresh air, wu have here ajackct of corrugated sheet-iron fltting 
oloseljr around tbe gralo. This is an ingenious substitute for the 
llxed ribs, and lias tbe advantage of economy and compactness, while 
It Mrves at once as a radiator and as a series of bot-air fluei con- 
~ lelii^ tim fresh air upwards, and retaining it in close contact with 

p Iron bock. 

lAbovo Is a drum like that o! Joly, but\K\,te'c \oc»\a4,\<\o.wo.'i.>Stt «* 
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it i!> fftrtlier from the fluM, 
anil is thrown back, to that 
vhile it allows tliu fresh air 
to impingo unon its lower 
surface as well as upon il> 
Bides, it throws tlie fire-place 
forward into the room where 
ita railiiitton is more effective. 
Tlio drum is also provided 
with a forriij'iitcd iron jacket 
The air is nilmitted into the 
room either tlirougli a regis- 
liT plaewl in the projucting 
iron hood juRt over the grate 
and under tlie niantel-piece, 
and fonidni; part of the port- 
aide rirc-plaee, or it tnay pan 
u|> llie (rcKh-air duct aur- 
roinicliti)! an iron iinolie-flue, 
to the ceiling, where it may 
lie iidniitled, as in tlie Galtoa 
lin.'-ii laces, tlirough a register 
iii'iii' liie cornice. It may be 
u (d (Inn. Tore either wiih or 
• uillioiit tilt d[>uble Bnioliu- 
II and tilt wari)i<.dfre»h air 
n\ lit Londiicttd into rooms 
Hill (IK Will .13 into that con 
iiiLiij tlie lirt plncL Fig< 
, 1 mill 1 1 2 i.\pliio the man 
.r in whiili tilts I dont. 
A mm I ind u-<.tul ftature 
till (in. iihcL 19 (he i-lidin 



.rb1o», 



Id. V 

1h lli-.hid with tran parencies 
of luu I "lili, 40 (onslructcd 
i< to «li'k Wk into gas- 
tijit poikita Thiae gas 
ti^ht iiocktlv afford, it is 
(.liiniid additional Bccnnty 
n_aiii''t tliL liaknge of gas 
mil) tht. ur 111 ilin^ cliamher 
llii llontri', one above in 
rn>iiC of ilic gritc and one 
below in front of the si*ix pit, 
may lie whulli or parttall\ 

Anipli spiie IS left behind 
tht tire liaik for the intro- 
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itin^-diih m«y be 
ill) ball-ecK'k xml 
y-ptn ouuide. 1'lie 
oE Uiin fire - plnce, 
h is called ihe '■ Fire- 
e Hoaiur." is ndver- 
»A at froxi S^S to SSO.i 
. of the succeea 
B ventilating fire- 
!s depentla on inlidli- 
hlt Betting anil cnro in 
flowing out the il'irec- 
'--\t given by the manu- 
^ureri. The fresh-air 
ilucts should bnve an 
area equal to lliat of tlie 
Bnoku-Hiic, in order that 
all ihe air passing up ilic 
thiinmiy may be lirawii 
from that source, ami not 
be coinptlled to entfr 
''iron^li doors and wiu- 
" crarks. The writer 
used this fire-plaoe 
le of bis oRiec rooms 
_ 'ing the winter, nnri 
made the following prae- 
liuatte^ca aa toils heat- 
ing and venliJAting pow- 



er!. Th« 



) which the 
p«riiiientB on the old lire- 
jilaoe represented in Figs. 
1 and 1 wi-re made, and 
luUNsnrt'd G by G by 3 me- 
ters (about 30 by 20 by 
]U feet), 

TfaiT old lire-plAco was 
rvmoved anil liie ventil:it- 



our experiments with lhi.> 
ordinary fire-place ori;;!- 
nally used in the odice 
lliat the combustion of 
tlirpe kilograms of wood 
wrvi'd loraiHu the '.'eneral 
tompemture of ibe roorn 
but 1° C. Aiihough the 
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outside air stood hb high as 13° C. above freezing, it was atill 6° hff 

low that of the room when the experiment was l>egan, aud aa there 
was no furnace in the buil<ii)ig, the air to supply the draught was 
oliliged to come in unwarmed from the outside, and was sufficiently 
cold to (combat successfully the heat of the fuel, of vhicb we found 
only six per cent was utilized, the remainder, or ninety-four per cent, 
passing away up the chimney to be utterly lost. 

KXPBBIMENTS WITH THE "FIRE-PLACE HEATER," 

The first of our experiments with the " Fire-Place Heater " were 
made on the 1st of January, 1879, when the external air stood at 0° 
C. At tliB beginning of the experiment, the thermometer in the 
room stood at 1 1.36° C; four kilograms of dry pine wood were burned. 
At the end of half an hour the mercury had risen to 15.50° C, and 
from thence it began gradually to fall as the fire went oui, until at 
the end of an hour it stood at 15°. The fresh air was conducted to 
the bni'k of the heater through a brick flue opening (o the outer air 
iiiKler the window. It entered llie room warmed tlirough two open- 
iufEK jur^t under the mantel, right and left, over the heater. 

The following table gives the result of the test: — 
TABLE III. 
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e shows UB that three kiloirrains of wood burned io thia 
fire-plnoe raiaed the temperature of the room 41" C, or over tour 
times (IS much as the sanie amount burned in the ordinary fire-pluce 
acoiimplished. 

The hfat saved frotn the back of the fire-piaee was Bufficient to 
raise Itie tenipera,lure of 2,223.90 + 878.85 — 8,108.75 cublu metera ot 
air l" C. Or, since one cubic meter of air weighs 1.3 kilf^rams, 
3,109 cubic metera would weigh 4,041.7 kilograms, and the specific 
heat of air being 0.24, we have 4,041.7 X 0.24 = 970 heat units 
anvedi Add nbout A- for lieat atill remniuing in the back and aides 
of the fire-place at thu end of tlie experiment, and we have ti total 
of about 1,000 iinita of heat saved by this apparatus in every 4 kilo- 
grama of wood. 

If we aasume as before that 1 kilogram of our dry wood yielded 
3,fi90 unit« of hent in the process of uombustion, 4 kilograms would 
have yielded U,B60 units. Tlierefore, our 1,000 utiils saved would be 
equivalent to 7 per cent of the whole amount of heat possible to be 
obtained from the fuel. Add per cent for that due to direct radi- 
ation, and we have 13 per cent utilized, or over twice as much as 
was obtained from the ordinary fire-place. With coal the amount of 
heat utilized would ho 7 4* 1''' ^= 30 per cent, or the same aa is ob- 
tained From the apparatus of Fondet, according lo the calculations of 
General Morin. If, in connection with this healer, the double flue 
of Belmas or Galton is used, aa is recommended by the manufact- 
urers, the eavifig may be S or 10 per cent greater, making a total of 
25 or SO per cent. In order that the conditions under which this 
heater was t«Bt«d might he aa nearly aa poasible the same as those 
attending the teat mode on the old fire-place recorded in Table I., 
another experiment was made later in the season, when the ther- 
mometer of the exieronl air stood at 13° C. The air of the room * 
was raised by the combustion of 3 tilogrnms ot wood from 17° to 21°, 
or again, 4° C, and in all the experiments the temperature in all 
parts of the room was very nearly the aame. The entrance of cold 
currents through door and window cracks was almost entirely 
avoided. The movement in the air waa impereeptible, yet the venti- 
lalloD was perfect, and do disagreeable oilor was perceptible for any 
lenirth of tune, even after the room had been filled with niechanJca 
and laborers. We see by culunma T and 8 that there, paased into 
the room a ventilating current of warm air at tlie rate of over a cubic 
meter a minute from each of the two registers, making together in 
the hour over 160 cubic meters. This air waa at no lime heated 
above Si" C>, and averaged about 22°, — a mild and pleasant tempera- 

A ieA was also mode at the top of the chimney to ascertain 'the 
tompernturu of the air as it iaaued from the mouth. The theritiom- 
eter rose aa high as S2'^, and then be^n to fall, liy Table I, it will 
b« seen thai the temperature with the old fire-pluee roae lo 84» 
«ntl Dij". The difference by this («Bt was, tlierefore, apparently unim- 
portant, though a careful Dieasurement, with the a.ti«,m(»&u\n'c v.'nI 
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lliermomeler, of the heat nnita throirn OQt< 
hiive shown a saving corregponiling with that (1 
iL'cted below. 

Pig. 113 gives a eectional cut of another firs 
jilate manufaetured by the same comiianyi 
apparatus eonsists of a double sKive, the inne 
licing usud to hold tbe fuel and carry off the pro^ 
ijL-ts of eoLiibufltiou, and the space between A 
inner and the outer aerving to warm t]ie freah^ 
to bo introduaed into ibe room. If a blower ^ 
used over the fire, the open lire-plsue is converts 
into a close «tove or furnace, with £reeh-» 
etc. It ia un Question ably one of the most iiadafw 
ttry, designed for <»nibining heid| 



ither excellent rei 




U»K Bi^ P''><^^ called the T) i 
ijjfi gtie pet 'pecuve \ 



"Die Open Fire-Place. 

The principle of tliis heater is llie same as in tliu iipjiarams rep- 
resenUitl by Figs. 76 and 77, It has, however. Ihis advantage over 
tht- latti'r, Ihst tho njirigbt freah-nir tubea are joined logother so aa 
lo form an air-liiiht nre-haek, and enter a eoaiinon hot-air cbniuber 
directly over Che flame, having its lower 
tide inclined at an anjrle wjtli the back 
BO as to rtSect the beat into the room and 
throw tlie flame forward. This arrange 
ment of the tubes and hot-air box {;ives 
the flre-place a more desirable sielion fur 
radiating heat. As for the iirtistic effei t 
of thu exterior, nonu of iho ventilaiing 
fire-pliioes heretofore represented have 
mucli to claim, and in the present case 
it is possible to conceive of a form more 
pleaaing than that represented in our cut 
But a slight modification in the treat 
lent of the hood would probably bo 
IBcient to remove all objection on the 
B of sppearaoce. 
Tlie fresh air, after having been liuitfil 
i the tubes nnd box, is cither uonduded 
diately into the room lbrou};h rtg 
\ opening under the mantel, or it 
s in a ilouble Sue to the ceiling or to 
a rootni above, as shown in the elc 
.(Fig. IIS). 

n order to make an accurate lest of the 
iMine power of this Hre-place, the writ r 
i had one placed in the room in nhtcb 

S'evious experiments were made, 
tained tlie following results — 



The beater was set out in the room in front of ibe msntel, and 
the fresh air conduced through a bnck flue dinct from Ibe outside 
to the iron chamber under ihe upnjbt tubes Ibe heated air en- 
tered the room through two openings perforated in the upper bot-air 
box over the fire alreaily described, one at thu ncht, having nn area 
of 40 square euntinioters, and one at ihe left, having an area of 104 
•qiure uenlimeters. and it was assunied that the volume of the fresh 
air {[icen out by each was in proportion to the size of tlie opening, 
while the lempersture was the same. The observaiiona were mDile 

^"" tho right-hand opening. In order to protect tlie thermometer 
the direct radiation of the iron, a hricx flue nas built around 
opcntog and earried outwards horizontally about eight inches, 

__ ihHncu upwards about a foot, bo tliat a thermometer hung in the 
upright portion of the flue would indicate with greater accuracy the 
tempuriiluro of thu hot-nir current and not he greatly iuthifi.n'^ la^ 
ndijition from any outward source- 
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At the time oF the eiperiuienl recorded in tlie followinii; table, from 
nine to eleven o'clock in the evening of April 11, 1879, the outride 
air stood at 4° C, and the air in the room nt 16°. The anemometer 
was again tested in a current of air of known velocity, and found to 
be accurate. The allowance to be made for friction was recalculated, 
and found lo agree with that made in the previous testa. 

Three kilograms of dry pine wood were burned, and the amount 
of ventilation effected and beat saved by the apparatus is shown by 
the following: — 

TABLE IV. 
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TliU table sliowa ub {column S) thitt the heat inveii from the hsck 
of the 6ru-place and issuing with the air tlirough the right-hnnil ojieti- 
IDg of 40 aquare centimeters aruu wa« suffii^ient to raise the tempera- 
ture of 1,180 cubic mete™ of air 1" C. The other opening, having 
AD area of 104 aquare centimeters, must therefore have given out heat 
sufficient to raise 1,180 X ^V = ^•'^'•^ '^"^^'^ meiers of air l" C, 
the two making a total of 3,01)8 -j- 1,180 ^: 4,248 cubic meters. 
Since, m before, 1 cubic meter of air weighs 1.3 kilograms, and the 
specific heat of air ia 0.24, we have 4,248 X 1.3 X 0.34 = 1,325 
beat units saved by this apparatus in every 3 kilogmms of wood. 
. Assuming that the 3 kilo^ams of wood here used yielc]<:d 10,770 
pU units in tlie process of combustion, our 1,325 uniu saved would 
■ equivalent to ^i^tr = '^ P^'' '^^''^ "^ '''" whole. Add per cent 
W tnM due to direct radiation, and we have 18 per cent for the 
pal amount of heat realized from the fuel, or just Ibree times as 
acli M wits ohtnined from the onlinnry Gre-pinco. With coal the 
It of beat utilised would be 12 + 13 =. 25 ^tn e^v^, m ^ 
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cent more than is obtained from the apparatus of Fondet, according 
to the calculations of General Morin. If. again, in connection with 
the Dinimiok Ilenter, we use the uprip;ht double flue as shown in the 
sectional cut, the heat realized is increased 5 or 10 per cent, making 
a total uf .'^.* or 35 |)er cent. It therefore appears from these exper- 
iments that the calorific power of the Dimmick Heater is somewhat 
greater than that of the ** Fire- Place Heater." But, whereas the lat- 
ter threw into the room durinix the combustion of 4 kilosn^nis of 
wood, as shown by columns 7 and 8 of Table III., 82.05 -|- 78.85 = 
160.90 -j- (^^\^- X 100.9) = 109 cubic meters of air heated on the 
avera;;e to a mild temperature of 'I'l^ C, and at no tijie exceeding 
S-i*^ C, the Diiiimiik IL'ater supplied only 16.4 + (^ X 16.4) = 17 
cubic meters through the right-hand 0|wning, and 1 7 X ^^ ^ 44 
cubic meters through the left-hand o|H?ning, or a total of 61 cubic 
meters durinjj the combustion of 3 kilo^^rams of wood. Or for 4 kil- 
ograms 61 + J (61) =80 cubic meters heated during 20 minutes of 
the time up to IOm^ C or the boiling jxiint of water, and at one time 
as hijrh as 121'^ C. Hv usinj; a fire-clav back in front of the cast- 
iron tubes, and by either increasing the size of the fresh-air passages 
or else allowing the tresh air to circulate behind the tubes as well as 
through them, the heater might be materially improved, and a still 
gn»aier jH^rcentage of savinix obtained. This improvement might 
be made iu setting, without altering the casiinns. The cold air en- 
trance pipe shown in Fig. 1 1.3 should be increascii in size, and should 
recti ve the air l)ehiud as well as uiuler the upriijlit pipes. It should 
be provitled with a simple damper to diminish the supply of cold air 
at pleasure to correspond with the ventilation ren'.iirod or the amount 
of fuel burned. The air passing up behind would then serve not 
only to lower the temperature ot the pi|H'S themselves by extract- 
ing: some of the heat whieh would otherwise pas^ otV. by absorption, 
into the brickwork, but also to dimini>h. by dilution, the heat of 
the air issuing from tluir tops, anil improve the ventilation of the 
apartment by iiurv^dueinj into it a larger voluir.e ot air heated to a 
lower leinj^erature. Kven as it is, it ranks as one of the best and 
most powerful ventiidtin-j fire-plaees ot' irs kir.il yet known to the 
pul'li.-. It is a-lvertise»l at from S4«.» to S-'»0. with SlO extra tor flue to 
carrv Ltr.u to rtilinix or ti:> storv above.* 

The ;i\ ■Vf Tallies III. and IV.. although records of sin-jle experi- 
nu-[i:s. .iiv rc^irfSentative- ot a la'-ge number maile to verify each 
other. riie te>ts were ma ie with sueh carv» that the results were 
cl.jst-'.v -i'.iiilar where the amounts of I'uel burned were the same, and 
its hy«'r»Mietric i.o:i.iiiiou the same. /. t.. containing alK^ut ten percent 
of water. 

Wherv lar:;er ijianti'ies of fuel were burned, the saving of heat 
"ould vary i:i propor:io::. on account of the varying absorption of 

^t in the walls of the heaters and in the brickwork. There 

"Id also be a sHirht variation, for the same reason, between the 
iic power of the heaters themselves, corresponding to variations 

-< U cao be bad of the Dimmick U«»t«t vTomv^ii? « Ciueianad, Ohio. 
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in tlisMQiMinU of fuel consuiiied, because of the difTeretiC methoils of 
eeltin^, and of the presence or abienee of a flre-baek inaide tliu iron 
case of the etove. 

In order to ascertain these differences, ns well aa to test more fully 
the accuracy of the resiitte previously obtaioed, careful experimenta 
were made on two Buocessive evenings, on the Dimniick Heater, and 
on the Fire-Ptace Heater. These two beaters (nay be taken as types 
of tbe various kinds of ventilating fire-places lieretofore described, 
and their calorific power once accurately obtained, wo have a gauge 
for the rest. 

These may be divided into two classes, the first having hot-air cir- 
culation tubes, and Che second having a radiating drum above the fire 
and a smooth or ribbtid shell for its fire-box. The Dininii(.-k Healer 
represents the first, and the Fire-Ploce Heater the second class. The 
experiments were made under similar conditions with those previously 
made, but burning in each case eight kilograms of wood, instead of 
three. Most of the experiments herein described having been made 
after oHicc hours, the liability to interruption was avoided and greater 
accuracy assured. 

Great care was takoti to protect the thermometers by plates of 
glazed tile from the direct radiation of surrounding objects likely to 
affect them. Tlie experiment recorded in Tiibio V. was made on Ihe 
Fire-Place Heat«r ; that in Table VI. on the Dimmick Heater. In 
tha former the size of the left-hand register was slightly enlar^d 
beyond what it had been in the previous experiments, measuring 
'" this litQ sijaare centimeters in area and in the previous only 140 
TABLK V. 
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filiiiini cull Ii 111 vlvrii. lIoUi beatcra were set in 

lu-r, K> Rii Ii> itimiro the best contact ot tlu' . 

hi'iainfc iiiirfmTs, ftiiil Iho iibn'i'vutiun- \vt>ro taken nearly i 

lite, nUtii>iii!U i>iil) nuu in every fire minutes is recorded ii 

coniimnyiny talilLtri, on account of v 

iTuri^inailu on llie figures for cacli iii 

obtained for intermediate mimilrs n 

tables opposite those given. 

By Table V. we find the heat saved by the Rre-PUco Heater 
in burning eight kilograms of wood was sufficient to raise the tem- 
perature of G,7!)T cultic meters of air 1° C. This is eqmTalent to 
fi, 2 heatuoita. Assumiag that our eight kilograms of wood, cont^lt- 
itis about ton per cent of water, yielded 8 X 3,5B0= 38,720 tiiiiti,llie 
amouiit saved was again seven per cent, »« in tlie previous ezperimenta 
^ which Table III. recoriis one. Add six per cent for radiation, and 
hnre JUvin tliirteea ^r cent iaWvicI -vAwrc. ■«>«& Ni. ^wmsd, 
4- 19, or twenty per cent, ^rtxw ««l.\»*»taA, wft.^«^«» 
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upright double flue attAcliment twentj'-five p«r cent or tbirty per cent 
as before. We tee by ibis table, coluninB I and 10, thai, while it 
took but a little over an hour to bum up tbe eight kilogram b of nood, 
the heat remained io the fire-back and brickwork for over two hours 
and a half after the wood was burnt out, and that, indeed, more heat 
was given out after the fire had gone out than while it was burning. 
TABI.K VI. 
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By TsbleVI. we have an equivalent of 2,645 cubic meters raised 1° 
C. for the o[)ening at forty square centimeters area, and 2,645 X VV ^^ 
tl,tlI7 cubic meters raised 1° C. for the other opening, making a total 
<i[ U,S'<!2 cubic meters. This is equivalent to 2,971 heat units, makinz 
a Dtivliig of thirteen per cent, or one per cent more than was obtaiaed 
\iy Ihd pri!vious experiment recorded in Table IV. 

Fig. 116, redrawn from Johnson's Encyclopedia, represents a ven- 
tllatiiiu fire-place exhibited in the English Department of the Cea- 
tniiniBl iCxlubition of 1876. It is veryaimilar to theDimmick Healer 

S>lu, though widely different in the appearance of the exterior 
10 manner in which the healed air is introduced into the 
U]>iir[iiiuiiC. These two fire-places arc out provided with Bet blowers, 
nil in the case with the Fire- Place Heater, and with the various forms 
of tliu Italtimore Heater, so called. In the Fire-Place Heater a fira 
luHy be kept over night by replenishing wi(h fuel before retiring and 
liiiLvIn); all blowers wide open and the base draught damper slides 
['UimmI. If it be desired to put out the fire altogether, the lower 
■UdlnK-bluwerH and the base draught damper shouM be shut and the 
upjiur blower slide left wide open. On the other hand the fire may 
III; made to burn out slowly where the chimney draught is strong, 
liy Bliulling all blowers. There will be sufficient inflow of air through 
crevices lo burn out all fire be- 
fore morning. Thus the flre 
is quite under control, and may 
be regulated lo suit any con- 
dition by properly adjusting 
the blowers and the sliding 
dampers in front of the base 
of the stove. When these 
blowtr'f are closed the Fire- 
Place Heater is somewhat sim- 
ilar in exterior appearance lo 
the Baltimore Heater, but more 
inviting - looking for private 
houses as having less the ap- 
pearance of a furnace in the 
arrangement of Ihe blowers. 
The Baltimore Heater is said 
lo have been invented about 
thirty years ago hy Latrobe, 
and was for some time called 
" Latrobe Heater." It is 
> manufactured by different 
firms under various names, 
prominent among which are 
the " New Silver Palace " and ' 
the " Baltimorean," made by 
K-u- Bibb& Son, of Baltimore, Md., 

"I'BtrsOD's Fire Place Furnace," manufactured by Fuller, War- 



; 
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ren & Co., of Troy, N. V., and the " SunnvBide Fire-Place Heater " 
of Stuart, PeterEOn & Co., PhiUdelpliia. "These heaterB are really 
nothing more tban smaU furnaces, set in an ordinary lire-pkce DDder 
a mantel. Tliey have regular swinging furnace doora, provided with 
transparent mica paneU arranged in tiers over each other like the 
windows of Bieamboat staterooms. They have, however, this great 
advantage over the onlinary /urnace, that though ihey cjinnot be con- 
verted into an open fire-place at pleasure hy simply sliding the blow- 
are into side pockets, they nevertheleas furnish direct radiation in 
that part of the bouse where it is needed and healthful rather than 
in the cellar where tt la worne than useless These heaters are pro- 
vided with double flues to utilise the heat of the enioke in the nian- 
already ihown in Figs 111 11' ind 111 
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pipe takes the form 

and IS placed in tlie 
room in front of the 
fire - place which 
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cheerkss and 

produced and how 
lalse the treatment 
both artistically and 
economically I In om 
MDse the design ii> 
true the heat IS gin 
erated by a stove be 
low and by a itovo 
above it is repre 
Mnled But in everj 
otber sense it is falsi 
ivelope has tlit 
I of a heat g<.n 
without pel 
fining Its fnnclioiia 
[ coninmint, fui-l 'jr 
jduilQ^ ventilition 
1 Oie fire platt is 
._D of the worst 
Practically this 
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lalion oi tha rooni is by it reduced U 

the deceiving presence of the fire-place, even nbea u 

The radiator, iostead of warming fresh air from tlie outside on 1H| 
entrance, aa it should, simply creates a feeble current in the n«m 




itself, without chaugiiig the iiir of the r 
r will lind unweltoiued entrance ini 
ind window cracka, contraband, and do what ml 
i)»e for ila colA reception heCorc it is haatled a 



.tacksok' 




a foinn of 
viititilating fire- place which 
coinbineB to a renrnrksblu ex- 
I, the desiJerata heretufure 
set forth, and at the same time 
presents a most pleasing ex- 
ternal appenmnce. Iii the 
frontelevation(Fig. I21)wesce 
npparentlj nothing more than 
the usual open fire-pli 
a frame decoraleil in 

The fresii air 
1 through the 
open-worked top of the frame 
at P. The section (Fig. 11!)) 
shows us the manner in which 
this fresh air is warmed. It 
enters thu lonrer chamher B B through the register A, where it is 
pnrtiall}' warmed before it rises to llie chanibcr surrounding' the 




■9 of the fire-place. Thence it enters the chamher.D, 
I p\»y» around ihc short tubea (onnln^ \Ito nVvtawi'^ ^Itkw^, 
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part Lhe mouth of the fresli-air duct shown in section at A. Fig. 
120 sliotrs the smal! EmokU'plpen in the chimue/ throiit vrith the 
fresh-air chamber surrounding thein. 

Table VII. shows the heating power of the Jackson Fire-Place. 
Before lighting the fire the anemometer at the register wjis motion- 
less, showing that the nir was stagnant, and the ventilation nothing, 
or at leant imperceptible, inasniuoh as the iloors nnd windows were 
tightly closed. 

The moment the fire was kindled 
in a few moments became powerful 
A candle held in it, and warm enou< 
seen bj' the table it poured into the 
and thirty'Sigbt meters a minute, heated 



rent of fresh air set in. and 
jh to blow ont the lii;lit of 
melt l.he wax. As will be 
at the rnte oF one hundred 
nearly to the boiling point 
Indeed, bo great was the heat that the metallic part of 
r held in the current soon beoame too hot to touch, 
anil showed that where hot firea are needed the raantel-sbelf used 
over ihese fire-places shouhl be constructed of teiTa-cotta, marble, or 
Home incombustible material, in order to avoid danger of destruiition 
by the heat. 

In order to render the tests more reliable, a wooden box or flue 
was built around the fresh-sir inlet register, to collect the air tind 
conduct it outwards and upwards so that the thermometer placed in 
the current would he proti'eted from radiation from tlie fire-place and 
other external sources. The air thus collected entered the room, of 
course, in a stronger current than it would otherwise have done. 

By the combustion of S kilograms of wood enough heat was 
saved r.o raise the temperature of 9,S71 kilograms of air 1° Centi- 

Sade (supposing the air nt 0°, 20°, 40°, G0°, lOO", weighed respec- 
rely 1.3, 1.3, 1.1, 1, ami 0.9 kilograms per cubic meter). This is 
equiviilenl to 2,321 units. The wood usud in the experiment uon- 
taint'cl I* per cent, bv weight, of water. Allowing for perfectly dry 
wood 4,000 units, oiir wood would yield .91 X 4,000 = 3,640 units 
per kilo-p-am, and for 3 kilograms 10,920 units. But to evaporate the 
.09 of water contained in the wood would render latent (631 4- 7:i) X 
3 X '08 =; 1 6* units of the heat generated. This should therefore 
be deduuti-'d from the 10,920 units, giving an available power of 
10,766. In the above equation 631 represents, according to Desprctz, 
"'"B number of units rendered latent in transforming 1 kilog. of water 
"0^ Centigrnde to vapor under ordinary atmospheric pressure, 
3 represents the number of units required to raise to the boil- 
|ioiiit the temperature of 1 kilogram of water from 25° Centi- 
i, wbivh WAD Uie temperature of the outer air and of our fuel at 
inning of the exporiment. The amount saved, 2,321 units, 
therefore y^^ = 21 per cent of the total avulable heiit 
ted. Aiid <i |)«r cent for that obtained lor direct radiation. 
B baru 27 pwr cent utilized. Adding, as before, 6 per cent 
the upright iron llue in ndded, and we have a grniiil total of 32 
It oblaineil by the Jackson Kire-Place. 
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Few persons re.iliie die extenl to which kiln-dried wood reabsorbs 
the moisture expelled by the drying. The wood used in the experi- 
ment had been Kiln-dried, but hiul again Absorbed from the ntmoa- 
phere 8 per cent of water. A portion of tliftt uaed was cut up into 
email pieces and weighed. It was then redried and weighed i^ain. 
The drying was conducted in an air bath maintained at a tempera- 
ture of 150° Centigrade. Before drying Iho sample weighed 36.155 
grams, and after drying only 33.169 griknia, showing a loss of 2.986 
KTuns, or nearly nine per cent of the whole ; or, in other worda, 
that [he kiln-dried wood used in our experiment had reabsorbed 9 
per cent of water from the atmosphere. 

In testing the wood used in the experiments on the Bimmick and 
'^ire-Place Heaters, the sample, weighing 22.683 grams, lost, after 

rying for twenty mioutes in air heated to 150°, 3.097 gi " "" 



reight. A further exposure for three hours t 
KetfitsV ■ ■ ■ ■ 



je drying heat reduced its Veight only twenty-two ten thoueandths 
■ a gram, so that the wood night then l>e considered as practically 
■T. The sample was then exposed for a week to the ^r of the 
BUM. and again weighed. It was found to have regained the greater 
%Tt of the water expelled by the drying. It weighed 21.33 -(-grams, 
lowing a gain of 1.774 -|- grams, or seven per cent of its weizht. 
The rapidity with which fciln-drieil wood, when fresh from the kiln 
and very dry, absorbs moisture from the air was shown in the proeess 
of weaning our samples. When place<l on tlie aeales immediately 
alter drying it was found to gain two or three ten thousandths of a 
grnui per minute. These experiments on the dryness of wood show 
how much the calorilic power of the material is affected, not only by 
the methoil of preparing it, but also by the time it has stood exposed 
to the air after drying, and even with the condition of the atmosphere 
at the time of its use. The kiln-dried wood tested showed a variation 
of 8 per cent in the amount of moisture it contained after drying- In 
other words, its available calorific power varied between 4,000 and 
about 3, GOO. Hence the importance of knowing the hygrometric 
condition of our wood before making our experiments. Hence, also, 
the economy of seeing that the wood we buy for fuel is perfectly dry. 
These experiments were made in the laboratory of Mr. W. E. C, 
EuBtis, whose lilwrality in offering me the free use of a set of scales 
of uuusuhI delicacy, and other apparatus needed, 1 take this occasion 
gratefully to acknowledge. 

In another experiment uiRcle on the Jackson Firu-Place (juite a 
Krong breeie was blowing into the fresh-air duct from the outside, 
Ml that the anemometer recorded an enti^ring current of 70 meters per 
miniile liefore the Sre was lighlod. This outride pressure of course 
increased the effectiveness of the heater, and the saving amounted 
U> about four per cent more ttun wtien the air outnide was still. 
This le«t wan maile on the very warm uveaing of June 25, from nine 
to twelve o'ulouk. the thermometer outside standing at 35° C. (7'° 
B.y III winter, when tlie difference between the outer air and that 
of iJie iliie is lower, n greater saving ot tea\, w vesJiVtsA Wma ».^i ^ 
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i liealora, hut the experiments lose in accuracy, partly 
it of the ditliculty oF meanuring the temperature of the iuftowing 
Finili-air current at tUu besinuiti^ nnd end of the esperjment- Tlu 
■'theniioniuter ia influeneed hy radinttoa from the surrounding objects 
\\ti the room, from which it is, of course, imposBible to protect it ^' 
■ fdutelv. If it were possible it would indicate a temperature of orer 
i • hundred degrees below the freezing point of water, the tempi-rattire ' 
I. of culeRtinl space being, nccording lo Pouillet, as low aa~150o C. 
I Only an approximate degree of accuracy can, therefore, be expected, 
f and It ii greatest when Hie temperature of the room is nearest that 
of the inllowirii; air riirrcntf, as is the case in bu 

"it.' Jackiioi) Fire-l'late i:i at present maatifaotured in two aixes 
□uly. The price nc 
( 1 8S0) of the smaller sii 
SO in. wide and 32 in. 
' high, requiringa fire-placw 
opening in brickwonc 28 
in. wide, 32 in. hish, nnd 
15 in. deep, ia tS5, in 
braEa ; Sii5 all nickel- 

E luted or bronKed; or SSG 
lack, with nickeled Imb- 
ket. Another size, made 
for very large rooms, 
39 in. wide, 36 in. h _ 
(outriide of frame), Knd 
ri.-()iiii'eE a fire-place 3S in* 
wide, Sf>\ in. high, and'"' 
in. dfup. They are 10 
obtained of Edwin 
iliickaon and Brother, No.'' 
315 E. 28th Street, 
York. 

With any of the Sl«> 
places mentioned 
;i flue tor 'lisposing of 
;isheB may be vouBtTHC 
biilr]w the gi'ate, as all 
in Fig. 123. The iM 
forma an ash-pit^ itUd 
which the aphes tall ftom 
the grate when ibalcen t 
dumped. The aahOB Ol 
then removed through tl 

door B, in the baaeineilti 

~^ the bottom of the Due. 
" soufHet " pipe, D, li 
bpcn provided. 




y be taken from belqw t 
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purpoiB of parrying tlie smoke directly into the flue when tbe 
first lighted. We believe that, with certain modification r here 
to be suj;ge«ted, the Franklin Reflector may be made to combiui 
the form of a stove most of the atlvantaoea possible to bd obtftU 
by an open fire-plnoe. It is manufactured by Jamea Spear & Coil 
PhiUdelphia. ■ 

To conclade our htElorii^al sketch, wo have reserved a fire-pL 
described by Peelet in his "Treatise on Heitf," and shoi 




FIb lis From FncM 

125, as the beat in prinoiple, and one trhtcli, though vrude and da 
in form, is yet most likely to lead to important results. 

The principle oF this device is the formation of the chief h 
surface above the fire-place, and in the waste epace behind L 
chimney-breast, rather than in the iramediute neit^hborhood of |j 

e great advantaoies of the arrangement are (1), the acquire 
nple room in uie waste spaue of iho chimney-breast for tl 
It development of the heating surface; (a), the removal of IT 
:e from immediate contact with the fire, by which U nuffl 
"■cheated to the injury of the fresh air, and finally destroyedt ^ 
'"lachdienl of llie air-healios surfaces from the fire-place pro^ 
°y, CJierefore, be made ot any Idtto ot -maxariii bw-NA.^ 
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the Rre-plKce ntready exist it may be left untouched, except above, 
vhere it hsB to be connected with the air-beater; (4), Uie facilit}' 
wilb which the beating surface may be reached for deaning, repair, 
or renewal without djelurbing fire-place or mantel; and, finally (5), 
tbe Bimplicitj- and cheapness of its construction. Notwithstanding 
its evident advatita^es, the principle waa left undeveloped, and as 
tbe apparatus described by reclet was defective it was abandoued. 
n that the bcndrt iu llie smokc-fliic am! Ihi' reviii " 




of Ibe sniake were liable to injuri; the ilraii<iliL ^md Liiiroiit^ the pipe. 
These difficulties were easiest removed by simply pulliug tbe pipe 
out straight again, which was accordingly done at once, and all that 
ronaftineil waa the original Galton flue. Thus the problem was eolved 
somewhat sfler tbe manner of the Gordian knot, and the device was 
summarily consigned to oblivion. Thus it ia that the fire-plaee of 
t«-day stands in practice nearly as it did at the time of Gauj-er. ■ 

The English, whose national fondness for the old open fire-place 
ought to liavo It^d them to study its utmost development, seem, wirh 
their chnracteristic gluwness to adopt new and foreign methods, to 
liftve stubbornly refused to follow any otheT toatw: OaM\ 'Ce,*\\*.& tiw. 
foe them bv Ramfonl. 
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The GermAns are utiafied with their porcelain stove. 

The French have been bo busj working up the Gauger fire-pUcs 
that thej- have not >'et thought of looking behind the chimney-breul 
to reflect upon the waste of useful ?pace; and the AmericanB bare 
been too busy with everything else to give the subject anj thonglit 
at ail. 

The fire-place given in Figs. 126 and 127, for iDstance, just broa^ 
out in Fngliind with ^lat, indiciites the tendency' in that country. 
A coiTuiiponilert of the London Times of January 30, 1877, writes of 
this form of fire-place : it " has excited much atteutioD, for I have 
rcceivi.'d in two days more than two hundred letters on the subjecti 




lettf 



which printed ripIiL= will be -enl in a few dajB Many of these 
from hospitals, public fcbools, militan and other public 



- ^7 

iiiflitutiont," vtc \el they are nothing more than a modification 
of llie Rumtord grate, and iield, at the utmo't, but from 5 to 15 per 
CL'nt of the heat generated b^ the fuel, while they retain all the radi- 
cal defects of the ordinary fire-place. 

Constructed upon a principle quite the reverse of that of the 
Franklin Reflector, they are aet high, and are in form high, narrow, 
and shallow, instead of low, broad, and deep. They have the ad- 
vantage of heating the floor better for being set high, and o(!Casion 
less dangerous draughts around the feet. Their slupe is favorable 
^ the slow combustion of coa.\, uuV lot Taji\«.\kn\v Wt. the^ are not 
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niltable for burning wood, since tlieir depth is not over 4J inchea 
from back to front at the base, and Si iaenes at the luvul of iLe top 
bar. The floor of the fire trough is oT fire-brick, and not of grating, 
so that air paBBeB into the fire through the front of the grate, and tiot 
under it. This catisee tlie coal to burn slowly, and each coal glowg 
on the side toward the room. Coke, with a small admixture of coal, 
mar be burned in them, instead of coal alone. 

The Englishman, proud aa he is of his careful arrangetnealB for 
domeHtic uomfort and luxury, is outdone in this most important par- 
ticular even by the inhabitaats of distant Asia. The Persian enjoys 
hia pipe before an open fire-place as much more rational in construc- 
tion as it is more pleasing in appearance than the comparatively 
miserable object now receiving the commendation of the civilized 
Briton. The picture at the end of this chapter shows us a cheerful 
fire sparkling like a gem in a casket so high and auipie that its radi- 
ating power is uUlized to the best advantage, while the hood and 
sides serve the purpose of a stove in beating the surrounding air and 
objects by convection and radiation. 

The direct rays of the sun are necessary to the complete develop- 
ment of animal life, and the great diSuretice in the amount of radia- 
tion of solar light and heat in the various parts of the globe causes a 
marked difference in national character. Where the sun cannot he 
enjoyed, or where its rays are feeble and insufficient, the open fire- 
place becomes its natural substitute, and so long as our physical na- 
tures remain the same, so long will tiie open fire be cheritdied ae a. 
priceless boon and companion. 

It is a provision of nature that there shall he a wide diSerence be- 
tween the temperature of our tiodies and that of the air about us ; 
and wa find that the greater that difierence, within certain reason- 
able limits, tlie more energetic and vigorous is the action of all our 
animal functions. Air entering our lun^s at a low temperature near 
freezing poiiit, does, as we have said, twice as much work in purify- 
ing the blood aa the same amount of air entering at the temperature 
of our bo<iiefl, and in winter with the warm rays of the sun striking 
us we feel twice as vigorous as we do iu summer, when the air is hot 
and suffocating. 

When a room is warmed by an open fire the walla are warmer 
than the air, because radiant beat has the remarkable properly of 
pofsiDg through air without raising its temperature. Thus the oc- 
cupant breathes air refreshingly cool, while the walla, being compar- 
atively highly heated, do not absorb hia animal heat widi inconveni- 
ent rapidity. Nevertheless the outside sir must be tempered lo a 

* ^~'n extent before entering the room to avoid the danger caused 

Id currents striking our bodieg, and it is the object of the vent- 
g fiK-place to temper this Incoming air to the proper degree, 
_Dt wafle of fuel or labor. 

'e have reviewed the progressive steju already made in this di- 
b to the present time, and we find the utmost that haa been 
aed, to our Rnowledgc, by any form of fire-^laws, \vi ^\.vi 
fSiiag to good advantage the heni ^fe\iwM.fei\i"3 'Cob. VmA, 
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has been a saving ol from 30 to 40 per cent, applied rarelj- to tl 
best adyantage in preparing and dislribuling the freah air for m 
use. At its best, it is looked upon as a luxury too expiinsipe for d 
poor man to enjoy. Under the assumption that the element of vmu 
fulness is a neuetfary condition of its belncr, he turns, as his only n 
■ort, to the uloaed stove. The efforts of the inventor are therefoi 
directed to increasing the economy of the heater which is used wbt 
the value of ecotioniy ie be»t appreciated, to the neglect of ibe oi 
fire-place which ho has been accustomed to look upon as incurabl.. 
It is the duty of those who entertain a contrary opiQion, and wl 
have the facilities for putting their views in a practical fonn, to cm 
tribute the results of their inveetigntions to the geueral fuod. Sim 
as taay be the value of individual resultx in themselves, they 
i auggesdonj from which, in other hands, valuable 
may spring ; and little as we may expect to receive from any Bi_^ 
contributor, yet the labor of many working together, in th« li^T 
past exoerience and with the aid of the advanced scienciGc and -* 
chanioal knowledge of the day, may, before long, be sufficient to i. 
vert the open fire-place from an expensive, troublesome, and evei 
daoEerous luxury enjoyed only by the few, into a source of health 
comfort, and economy for all. 
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PLATE XXL 

Uinintr-i'ooin lir(-i)lace in iiio<K;rn KiiLrlish Gothic stvle. From 
n. L. TalluTt. 
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PLATE XXII. 

Fire-place in the Hotel de Vogue, at Dijon. Fire-place built in 
the beginning of the eighteenth century. From Sauvageot, " Palais^ 
Chateaux, etc., de France.'* 
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PLATE XXriL 

Fire-place in the smoking-room of the houae of M. Le Comte 
Branicki, Paris. From the " Encyclopedie d'Arclutectupe.** 



PLATE XXIV. 

Firi'-place in t\w. "Salon des ^Iddailles," in the Palace of Ver- 
saill(*s : aire of Louitii XV. From E. RoiiytT, *'L*Art Architectural 
en France." 



PLATE XXV. 

Renaissance fire-place. Exhibiteil at the Paris Exhibition of 1878 
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PLATE XXVI. 

Fire-place in a house in the Rue de Berlin, Paris : L. Dnpr^, 
architect; A. Millet, sculptor. The fire-place is built of stone with 
facings of red marble. The sculpture on the frieze is in bas-relief, 
in white marble, and represents Winter. The total width is 1"*. 90, 
and the height to the top of the pediment is 2™. 40. Its cost wis 
6,000 francs, made at Paris. From the *' Revue G^n^rale de 1* Ar- 
chitecture et des Travaux Publics." Cesar Daly. 1872. Vol. 



PLATE XXVll. 

Fire-place in the i;rand drftwing-rocmi uf CbQ Bishop's paUce M 
Beauvais, Franue. By Mr. E. VaudrenuT, diocesan arcliitecit of tiie 
city of Paria. From the " Revue Gtfnfti'ale dt I'AreliitBUture e: 
TravBux Publico" 
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The Open Flre-Plaoe. 



CHAPTER III. 



Ip we were to see a tribe of savages sitting astride of locomotive 
steam engines, and, in their ignoraDce of the appiicatioQ of ateam, 
aaiajr them as we do nrdinnry curriages dragged about by horses, wu 
should be inelined to turn up our civilized nosea and smile at the ex- 
hibition of simplicity. But if when these savages learned how a 
single engine, with its strength properly applied, was capable oC 
doing tbe work of the entire tribe, tbey should, instead of applyinj; 
steam to the engines already bnilt, continue to use them only as car- 
riages, and build otberi to at^t as motors, we would have borate us 
an example of extrav^ance and folly only equalled by our own in 
our method of heating. 

We fill our houses with open flres and use thein only as radiators, 
■ltfaou«h we know that the heat oF a single one properly applied 

I] M capable at doing the work a( the entire bouse. Insteoil of 
'ing furnace pipes to one of tbo fire-places already built, we uon- 
to uw them only as railiatora, and build others down cellar to 
nly aa air-heaters, 
the tavan condescended to critii-isc be would have Ilie right to 
" With ul your boasted eivilizatiou you are even more barbarous 
wo, because, while it is true that we lose the motivn power of 
arriagvr, wo ore still able to use the carrying power of our mo- 
Yon, however, lose both the smoke bent of your upper fiir- 
....^.J and the radiant boat of your lower ones." 

Wc have shown that open Bres as they are now used are incniiahlc, 
, nilUout external ud, of properly heatini; our buildings. Tlie air 
; the draught must, by some iiicant, be muderiitHly waruii'd 
it esterii It should not be as warm as the whIIs of the ruom, 
tooagh to ouvasioQ discomfort to the occupants. This prep- 
( the air is usually effected by a furnace in the cellar, and 
t of tho ennihinalion of furnace and fire-place is, under 
iitioiu, and with uU precautions taken against gas, ^ satis- 
jept froHi tliH one slnnd-poinl of economy. With it every 
n given in our description, at the beginning of these artioles, 
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of i<U*al jHM-ftriion iiiav with (•arc lu* obtained, excepting the first and 
all iiniMHtant ('(msideraiion, " that all the lieat jj^enerateci by the eoin- 
bu>ti<)n nt' the fuel bf utili/cil in heating antl ventilating the hoiisi'. 
and that the cunibur^tinn (»f the fuel be complete.*' To satisfy this 
condition it is evident that the furnace and hiv-place must be cuiii- 
bined in one apparatus, fur it i< only in this way that a single fire can 
«lo the Work of lM)th. 

II<»w tbi> condiination can best be effected, and what sanitary ami 
pciuiii;iry atlvaniaires may result therefrom, it is the object of this 
t-lniplcr t<i iu«[uire. 

Ill nur lii>it»rical >ketch we have sliown to what extent and by 
what >icns till" woik h:i> l)i'en advanced up to the pi*esent time, it 
nar-lu's ii" tiilh>t <li'Vcloprm*nt in the fire-placi' ilescribed by J'eclet, 
V\'S. \'1'k Itui exci piiiiLr ill tliis we iind no evidence of an attempt to 
.:i\<- ilii- air-lnatin:: .-nrtaces an i-xtension in the sli«j;htest degi*ee pro- 
pi irtionaie to tlic >i/c of the urate or to tlie amount of fuel consumed, 
or to a'l.iiii the iuiproNol iiicihod> and forms nt'tlie hot-air furnace to 
tlie mw r-oinlitioii^ impo-i«i|. Tlu* air-healin«x surfaces are small and 
iii-i Miiiii-ani eoiiinareii with the >i/e of the jjraie, and are confined in 
niii>t ea-i> to a \erv .-mall area in the immediate neiirliborhood of the 
liic. lu tl.f niiiiMii.k Ibatcr. with a urate ^urfaee of about a tenth 
of a >iiiare uniii'. \vc b.iM" a ra<liatinir surface of scarcely a scpiare 
nuicr. t'l- ah":it i.ii tisiic- tlu- lirati- area. In the Fire-Plaee Heater.^ 
I in- daiU-oii. fl.iiv. Fi'ii.lri. Conlier. and other similar heaters, the 
priii.-irii":i i- ihc -aiiic >n- i-ui liiilc L^realer. Yet in our best modern 
t:::. ..«•.- i' ii.iuii:- io rr-'iii thiriv to two hundreil times the irrate 
•ir«'a. 

'\\\' ^:i:;i>»!- r> I ii:in«!ij<- r.uiiace. Xn. 40, fur instance, to take 
ai, AiiM!i.;;:i example, ha- a luatiii.: -urfaei' of seventy times the 
•_ira!'- -•ni.i'c. A<ioiiliii_' h» l><»-e. tlie jiroportion should be one 
hiiiiui'- i aii'i .-ix;\- tir >'Mc huiidriMl and eii^htv to one, and accord- 
i:._i !■• M ■:i:i. ir-iai n:u' luiii'lriil and ei^iht to two hundred to one, 
:li-.i;_;h in Aim rii.'a!\ ji'.mi-; ii-c it is M-ltlum over fifty to one. with a 
h.M:i::j «!ii< ii-Mx i.;' prihap- -ixiy or >eventy ]»er cent of the total 
h.-a- j>r--li.iMi l.\ liir in'.. Tin- IVerless Furnace (Xo. Ki), with 
a iv.iXv ai'i-a ■•! '».!."• -■|!i.iri' ni'-ier. \\a> an air-heatiui^ surface of G.7 
-«ju.i!"i' iii'-ic!-. or iin\-oiM' liiiii'- i'- .iraie -urfaci*. '('he C'hilson (No. 
**). 'h- <i 'Mt:i l-j^",i- (N'l. ^). ihi- .Mctiit-^or (No. 1), and the Soap- 
-;■.:.'• r-i:iKi«'' (Nn, l**). JiaM- r«-pii'tiveiy. ae<'»»rdin<4 to measure- 
iu«iii.- ii..ii«' h. ihi' wri:ii-. h«M:in:f .-nn.ices of fortv, fiflv-six, thirtv- 
i.jic. and >''\ flit \ -lour tisiie- ihcir Lirate >iirfaces. 

Oiii- viMiiilatiiu lirf-piai'i'>. tlicM. -houM have a much «rreater air^ 
hi-aiiiii -'iiIaiT than h.i- lnret"t Te iiecii iriveii them, if we would 
f:)'ain fr«i'.n ih** fuel the u:r«'ate-'i ani'innt of heat possible. 

In a inrnaee all the air which I'liters the lire-pot is brought into 



^ The JHi'kft'' siirrnumiiii:; tlif }i«:iit*>r ikM roiii'Menibly to the lieiitiufc power, but can- 
vot, of CMiUFM'. I'u iii'-iii-leij III ( iim i-'.iiiuMtf ot' ilin^'t lii'utiug liurfiivv. They corrupoud to 
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Cil0!« contact witli the fuel by the position of its entrance below the 
praio. Tiio amount of air enterinff tlie smoke-flue ia, therefore, bui 
slightly in exceas of what ia nctiinlTy required, to support connbustioD, 
anU ha tempersture is correspondingly bigli. But with an open (ire 
a greater atnount of cold air enlera the flue, and its temperature ia 
loirereii in projiortion. It may, therefore, roasonably be asked if 
tbl« c-ool air from the room would not so much diminish the heating 
power of the flue aa to render its development Into a complete furnace 

Thia fimt and moat important considerution tihould be carefully 
looked into before we proceed further, and any conduaiona reached 
by reasoning should bo tested by actual experiment. 

TLeoratically. Wood |)ertectiy dry requires for each kilop«ni 
burned, say, ten cubic mel^ra of air, developing, aay, 4,000 units of 
heat, The temperature of thia air aa it leaves the fire would thnrelbre 
theoretically be ^ij^^u:^= 1,282° C, which is about the melting point 
of steel. So that a certain quantity of air beyond what is absolutely 
demanded by combustion ia necessary to prevent the destruction of 
the furuaoe. Were twenty cubic meters of air instead of ten used, 
the temperalui-e of the (ur would be €41" C, or sufficient to raiw iron 
to a dull red heat. In an open flre-place with a contracted chimney- 
tltroat t«9teil by the writer, a little over Ihirty-five cubic meters of air 

Cer kilogram of wood passed up the flue, and ita temperature, ns tested 
y adl(^n>iat'BtlIe^lQonleter placed in a bote perforated in the ilue for 
the purpose, rose somewhat above 300° C. In another fire-place hav- 
ing a larger throat, much more air entered, and the tempcratui'e of 
the smoke in the flue could not be raised above 200° C. with the same 
quantity of wood burned one kilor^ram at a time. But with a throat 
contracted still more than in the first flre-place, a still higher teuiper- 
atnre of the smoke waa obtainable, ahowing tliat by regulatin); the 
rise of the chimney- throat, any temperature of the smohe niay be 
eaaily obtaiued up to four or five hundred degrees. When hard coal 
is used for fuel a good draught is necessary in order to produce a 
— ibuBtioQ of the requisite rapidity to beat the houee. When the 
IT of a furnace is left open, this draught may be insu[Sci(.'nt 
'S httrd coal Is used. But where soft coal or wood is used, as is 
■ally the case with open (ires, no dif&culty is found in obtainln); 
rale heat with the feed-door standing open. 

In an o|kcn fire-place the cbimnev-throat corresponds with thu feed- 
door of a furnace, and it is this which re^uluioa the atnount of cool 
air entering the chimney, and not the aize of the lire-|il8oa itself. 
" in this iJiroat ia sinall, the hot products of cuinbusiion will HII it 
ID eacliuion of the cuhl air From the room, and the temperature 
« Rinoks in the flue will be high independently of thu actual size 
» fiTe-plnce. 

~' tt bu borne in mind that the flues of a furnace do not heal 

by radiation, but by convection or contact of air. 

I the higher the l*niperatun> of iha IwM.wi^wuttftRtt'i&a 

\6pvpoHhn ol lieat given out lot «!w:\i 4o^w' ""' 
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between the heated body and the surrounding air. But with convec- 
tion, accordinpr to the researches of Dulong, the yield per degree's 
difference in, for all practical |)ur{)oses, irrespective of the absolute 
temperature of the heated body, or of the difference of temperature 
between the heated body and the air in contact with it. With a 
radiant body at a clear red heat of 1,015° C., the amount of heat 
transmitted pi*r meter per hour for each degree's difference is about 
300 tiiiu's that transmitted at 100° C, and at a bright white heat of 
1,U6° V'.y it rises to 4,604 times that amount! The extreme rapid- 
ity with which a Ixxly at white heat cools down to orange and cherry 
rtMl, i>tc., indicates that at high temperature the loss of heat is ex- 
(•fi'dingly gri'at. 

With convection, however, the difference in the loss of heat per 
dcj^rce is comparatively slijrht. Supposing that with the heated body 
at 0^ C. and the air at 10° C., the loss by contact or by radiation were 
1, at 250^ C. it would be by contact only 1.9, while by radiation it 
would 1)0 as lii-h as ;J; at 31*0°, r)l()°, 1,015°, and 1,415°, the loss by 
contact wouM bi* 2, 2.3, 2.7, and 2. J) respectively, while by radiation 
il would bi' 1, 13, 300, and 4,601 times greater respectively than at 
0^-. 

Tlu'ie is, therefore, with furnaces no corresponding gain of heat 
in nuantity to I'onipcnsati^ for the loss in quality by having the heat- 
hvj; .'"Urlaccs laised to a hij^h temperature. 

Vur a i^ivcn amount of fuel the same number of units of heat will 
\nt <;eni ratt'd by combustion, whether the combustion be slow or rapid. 
Hut where it is rapid the products are carried away more rapidly, and 
the lo.s> of heal at the toj) of the chimney is greater. 

liernan, treatinuj of furnaces, says: " When only a small quantity 
of air ]»asses (hrouLih tlu^>tove, the cockle is in danger of beinor over- 
heated. .Mr. Sylvi">ter says, * The cockle surface should not rise above 
2S0° (1''.). lieyuiul this it has a tendency to injure the materials of 
which the (lues aie formed. It is also heated with less economy, since, 
as has been observed, th(^ smoke will j)ass away at a higher tempera- 
tun;.* The temperature of the surfaces he recommends is, however, 
a threat deal too hi;j;h; and much of the prejudice against stoves has 
arisen from this circumstance. Were the surface never to exceed 
13n<^ (F.), although the .siz(j of the stove would be increased, the 
salu])rity of the air as well as the economy of the fuel would be in- 
creased also." 

Theoretically, therefore, the temperature of the smoke in the flue 
of an ordinary lire-place, with its throat properly contracted, is sulfi- 
ciently high for our j)urposes, and may be regulated at pleasure. 

To put the matter to practical test, the writer has made numerous 
experiments, with the following results: — 

A furnace of wrought-iron was constructed for the purpose, having 

a radiating surface above the fire-box of 7.5 square meters, or equal 

to that of a Magee furnace. No. 24. This was attached to the top 

'^f an open fire-place (the Fire- Place Heater), which served as the 

•e-pot, grate, and ash-pit. The apparatus was tested alternately 



The Open nre-Plaee. 



101 



with the (eed-door (sliding blowers) open and ?hut. Id each case 
three kilograms of wood, containing ten [>er Rent of water, were 
hurned, and it, was found tliat nearly the same amount of heat was 
obtained from the flues, whether the blower waa open or shut, the 
throat being small and the Gre hrisk. Sufficient air entered to keep 
the pipes from becoming red-hot, but not enough to reduce the tem- 
perature to too low a point. Therefore while all danger of burninn; 
or injuring the.ur was avoided, the heat was utilized t< ' ' 

Tables VIII. and IX. give ii 
of the experiments referred to. 
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Uie column of air wilhin the (basing: will be doubly 
contact on one side willi the stovu and on the other with the oiuii^ 
Being protected from the ctxiling infliteiicc of the surrounding air it 
will nse rapidly and produce a circulation in the room which will 
equalize ita temperature. ~ 

The next step whu to put the stove in a chamber by itself, 
joining or below the room to be heated. The external air waa 
mitted into tliis chamber, warmed, and conducted by flues about 
building, and the whole formed a hot-air furnace. A lai^e amoai , 
of freim air is broii«ht by the caeing in contact with the beating' 
surfaces, and it strikes them forcibly on account of the itrong ciii'~ 
rent produced by the bot-air flues. The fresh air is ^neraliy tJikeo 
from the outside, and it is in this respect, as well as in the piinci] ' 
of the circulatioQ produced by the casing, that the furnace is bu] 
rior to the close stove, while in the loss of the advantage of 
radiation from the sides of the heater it stands inferior to it. 

The most important point to be coneidcred in the uiinstFuction _ 
all basement furnaces alike is the acquisition of a good chimney 
draught, because of whatever material or in wliatever manner 
they may be made, lliey cannot be rendered absolutely gas-tight. 
Even though the materials be non-pornus and the joints be tight, 
the very openingii required to admit fuel to tlie fire or air to the 
fuel may, under a back pressure, also emit gas. Where these 
openings are out of sight and immediate control of the occupants, 
the noxious gases, often imperceptible to the senses, may ei 
ter the house withont their knowledge; and this is the most previ 
lent cauae of trouble with the hot-air furnace as it is now c 
Btructed. It is, therefore, of the first importance with these that 
draught of the smoke-flue should exceed in strength that of the h( 
air circulation pipes, whose powerful action is shown bv the foi 
with which the warm air issues from the registers, 'fhe boN 
flues in u basement furnace being frequently nearly as long u tl 
smoke-flue, and the maximum utilization of the heat of the fuel, 
of its smoke, being considered the grand desideratum, these hot-i 
flues become hotter than the smoke-flue. The columu of air in t 
former being, therefore, lighter than that in the latter, the smoke 

gases will rush into the frefib-air flues through any '- — '-' 

connecting the two columns together, or they will e 
through the feed and draught doors. 

The above difficulties miglit, however, be obviated, and absolot 
safety against the escape of gas be obtaine'l, together with a Oo~' 
plete ntUization of the heat of the smoke, by bringing distinct Ci 
rents of fresh air simultaneously against the heating surfaces of tl 
furnace at various points of these surfaces, properly lotiated widl 
reference to each other and entirely separated from each other, P 
this means a good draught might be obtained at alt limes, and ] , 
the temperature of the smoke-flue he reduced to very nearly that a 
the outside air. 

Let Fig. 129 represent a furnace (devised by the writer) c 
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Bl .rtnicted after this principle. Tlie fresh nir eaters the fumnce at 
A, B, ftnil C, Einiultaneoualy. but into heating chambers entirely aep- 
iirated from each other, say at points correspondioc wilh each floor 
of the bouse. The hot-iur iluea start at A', B', anS C. Tbe outer 
air entering the first diamber miglit lower the emoke, aay, from 300° 
to 1S0°, and be itself raised from 0° to 50°. A second current of 
freab air at B, eotering tbe aecood chamber or divinion of the fur- 
nace, might further cool the iraobe to 75°, and be itself raised from 
0° lo 40° i and, finally, a third supply at C, entering tbe third cham- 
ber, inigbt, by taking a direction the reverse to that of the smoke, re- 
duce the lattflT to or very near to 0°, and itself be raised to 40°. 
The average temperature of the smoke in the chimtiey (rould, though 

^^ntirely cooled at the top, be 
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't would be much highi 

n that in any fresh-air nue, 

eood, even if the fresh-air II 
throughout their entire length, 
the smoke-flue. In a furnace 
ttrncted in the manner described, 

B»er, each compartment of the 
ce would have only its own 
to warm, and the air fluee 
I have Uttle or no perpendicu- 
xtension beyond wlint would 
' be required to create in them the 
necessary draught. ITie tempera- 
ture, therefore, of the fresh-air col- 
Hinn would practically be that of 
tlie house, my 20°, and its Ien<;th 
only the distance from itB com- 
m«Dcemen( at A', B', and C, to 
^ ,thB ventilator D, on (he roof, and 
y always leas tlian that 
.e amoke-flue. 
rmnuh as the diffusion of <;aAes 



suitable, under 

i B ftimnco. since the porosity 
Mily permits an escape of gas 
1 tinevt liiit ^i*o oerves as a 
taOoa between tbe hot-air and 

t ot^nns in cases of back 
1 The joints should be made 



id the velocity correspondingly greater 



that the chimney draught would be 
s were maintained at 40° or 60° 
id this length were equal to that of 
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Where metal is used, its kind or thickness has but little effect, 
within ordinary limits, upon its heatinp^ power; for the quantity of 
heat which can be- conducted through the thickness of metal usually 
employed is much greater than can be carried away by contact of 
air. But for greater thicknesses the amount transmitted by small 
pipes increases with the thickness. A cast-iron pipe one decimeter 
in internal diameter, heated on the inside to 100° and exposed to the 
air at 15°, with different thicknesses of metal, would lose heat per 
meter and per hour as follows : The thickness being nothing, or in- 
finitely small, the loss would be 254 units; for thickness of 2.5,5, 
10, and 1 ") centinu'tcrs the loss would be, respectively, 363, 472, 676, 
and S48 units, or in the ratios of 1.4, l.«, 2.6, and 3.3 to 1 respect- 
ively. Where stone, brick, or terra-cotta pipes are used, whose con- 
ductil)ilities are much smaller than that of iron, say as 15 and 4 to 
250, the variation for tri'Cfit thicknesses is much smaller. The reason 
of this is that the increase of thickness increases the radiating sur- 
face of the I'xterior, so that while each square meter of such surface 
gives out less heat than a scjuare meter of the surface of the thin pipe, 
in the proportion of o.I)5, 0.92, 0.89, and 0.85 to 1, for the cast-iron 
pipe one d(;cimeter in diameter, of the thicknesses mentioned above, 
yet the surfaces are gn?ati*r in the proportion of 1.5, 2, 3, and 4 to 1. 
Thus, thiirkcnini: the heatinjj or radiatinjjj flues of a furnace made of 
good heat-(^onducting materials increases their effectiveness just as do 
ribs or spikes cast upon the radiating surface, by increasing its su- 
perficial ariM. Indeed, unless the. ribs are ])roperly placed, a simple 
thickening of the j)ipe is sometimes even more effective. Thus a 
threaded pipe, 1 centimeter thick, 18 centimeters in diameter, and 
10 meters long, threading «>.5 centimeter deep, standing vertically, 
was tested by the writt'r, and found to yi(?ld less heat than a smooth 
j»ipe 1 centimeter thick, and of the same diameter and height, al- 
tliouirh the actual radiatin<r surface was twice as jjreat on the 
threaded as on the smooth pipe, 'i'he threading being perpendicu- 
lar to the direction of the air current, it lost more than half of its 
efVectiveness in heating the air by convection, owing to the fact that 
the ascendinu;: air current struck only the lower outside edge of each 
thread, while the loss by radiation remained the same, because, 
though the radiating surfacre was twice as large, yet half the rays 
fell upon the .surfaces of the threads themselves, and were by them 
reabsorbed. 

MOISTUKK IX TIIK AIU. 

It is a ndstake to supj)ose that furnace heat is necessarily dry and 
unhealthy. Where the heating surface is raised to a high temper- 
ature, the vegiitable and animal matters which are always to be 
found, to a gn;ater or less degree, floating in the air, and can easily 
this-'Cen under a ray of sunliglit, coming in contact with an over-heat- 
the surface are roasted or burned, and emit an unpleasant odor, 
the hen these surface's ])ecome red-hot they may decompose the air 
I*lf, forming, with the iron, acid gases injurious to the health, or 
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Iwating, when the temperature ot the outer 



a aire ally st.ileit ; hut so far 
concerned, by which a loo 
in induced, causing heitdncbe and 
and thmnt, Ilie same effect is pro- 
other method of 
warmed la the as 



degree. Cold air, when expanded by lient, has a ^eater capaeity 
for motxture in proportion to the extent of the expansion. In the open 
fields this neuded moisture is supplied by nature through the agency 

Sf rivers and lakes. In onr houses, where rivers and lakes do not 
»rm llieuiEieUeB naturally about our hot-air furnaueg (unless the 
unikilfnl plimiber has opened for them sources in the drain and' 
WHter pipes), their places should be supplied by art in Che fortn of 
evaporating-pnns, and the diaiigreeable som 
nesB will qidckly disappear. 



^ amount of fuel burned, any furnace 

may. by extending the heating surface, be made to yield the same 
finiount of heat to the fresh air, but the heating surfaces may be ill 
or well constructed with reference to favoring the draught, economy 
of gpitce, lightness of joints, facility for cleaning, durability, and 
chuapnesfl, and upon this depends its value The vanous kinds of 
hot-air furnaces now in use are charatterued by the degree of ix 
oellence obtained in some one or other of the above desiderata, no 
one combining all the excellences ao that in searching for the form 
best adapted M our purpose many must be reviewed In ^o doing 
we find that they divide themselves into two general clas9<.9 Hrst 
'n whiuh Uiu hot air i-irculalea in Auls wUiIl the smoke hlls 





I 



In Fig. 130 the Emoke f 
hori /on tally aeroBB porpendi 
lor fresh-air tubes, and iu T 
1.^1 the movement of the « 
is [lei'pendieulai 
ihc fresh air is horiiootal. 
the heat received by the i 
soiiry of thi- fiimnee is 1 
Ftj 1^3 since no freeh j 

in contact with them to ( 
it off. Abandonine, therefore, this tAaes of furnace, we haVK ( 
to consider those in which the smolie circulates inside of the fl 
and the fresh air surrounds them. 

These, again, may be elassiSed into, first, those having a 
drums, like the Mageo Purnaee (Fig. 132), and second, those li 
ing detached tubes, as in the Chilton (Fi^. 134). The formei 
the advantage of simplicity and the minimum of jointa for (he ei 
of gag, and the latter of a greater rndialiu" surfrice. I" ■" 
naij furnace the first consideration is of uie greatest ii 
becanse a leakage of dangerous gases may take place n 
knowledge of the occupantR, in case of downward di'aughlA. 
the furnace is used over an open fire-place leaksfe may at 01 . 
detected by the appearance of the fire, and cured by amptf «] 



ing the direct amoi'e- draught, so that this freedom 
though important, is of less consequence thi 
ing surface. 

The movement of the fresh air may take pi 
with the smoke or in an opposite direction. 
'- ■' " • direction "' ' '" " " 
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)n]y limiteil by tLat of tbe out- 
as ordinnrily constructed, the 
IS to render total uxtraotion of 
l l)e hpHt from the smoke undesirable, but where the coastruution is 
^■Ke that shown in Fig. 139, such a result would be an important de- 

^^Kln the Peerless Furnace (Fig. 133), we bnve a 
^Bnnciiik. It is not neces- 
^s«7, however, to have llie 

smoke descend in order to 

accomplish the work. The 
1. smoke may rise direct tind 
^^bp fresh-air current bo re- 
^^fesed. 




upon tlieir mrfaees. Bat meh 
SD invei'sion would expose 
tbcm to t)ie dangt^ of uU^- 

j;iiig by Boot. Moreover, 
the tapering of tlie fli 
vrhetli^r upnard or ilown- 
ward, diiuinisbe* lh«ir act- 
iml .superticial area Hiiil eon- 
sm[iieotly their heatlug 
l>ower. Some other iiietliod 
jlioiilU be adopted tor reg- 
iiliiting the current, not open 
to tliene objections. The 
jiipL-G t^bould be so arranged 
that they may be easily 
I'lcnned, yet so formed that 
freqdCDt cleaniag would be 
unneecBsary. 

Fiimlly, furnaces niny be 
iigjiin subdivided into va- 



laterial of whit'li tlitv 
:ted. 



MATUIIIAI.. 
It is evident that a porous 
[uuterial U unsuitable for th« 
conHtruution of furnaces, be- 
cause the noxious gaseiceo- 
erated by tbe burning fuel, 
eBpccially by anthrai'ito coni. 
Pig. 134. pans through them undor a 

back pressure, or even in caeee of a sluggish drai^ht. With an urdi- 
nary drum furnace like the Magee or MacGreggor there is almost 
tilwaya an outward preesure from within at the top of the drum e '^ 
when tbe draught is good. Under a given pressure the amouni 
gas paaaed through a given material will be in direct proportion lo^ 
porosity. Cast-iron is said to be permeable to certain gases Kt h' 
temperatures and, according to L. Cailletet,' to hydrogen gu a 
when cold. Whether the gaaes pass through the pores, or thto 
invisible air-holes so minute that ttiey may be classed as pores, ii i^ 
material bo far as concerns the furnace maker. It is sufficient lo kno^ 
that microscopic air-holee are bo liable to be present in the castia 
that the material has been coiideoined as unsafe and unsuitable I 



ga»-l 



holders, compressed-air tubes, and all places where a gas prei 
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I i 'Ta order to tent the degrue of this permeability uniler varying press- 
ures, iLb writer had cnst six cylinUriunl hoxKs from some of ihe 
tohvT iruii u«ed by a foiindry-mBn in makin 



The boxes, having the eeolion shown in Fig. 136 
perfect in every particular. 

The to|j or nioodi of owh piece was threaded afti 



furnace and s 

appeared to be 




« thu end of n pieie of ^Ax-pipi two iiii>tera long ihriiuiled to 

mpond, making with ceiuent nn air-li-jlit joint, (fias piping 

B fonnorly freijuenlly mndo of eiut-iron, but it« permrnbiiity to gHs 

~r prt:s*nr« was too gruat, and it was khandnned in favor of 

]^t-tron.) Clean inercary was then poured inUi the gns-pipe 

ha prMiure in atTnoii|ihere8 on the culiiig was known by the 

piCof llio morcury column (Fij;. 1116). Iv ni<a l<]u'a&'C&^wi^i!ei 
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pressures varyincr from one to three atmospheres, the first ■ three of the 
six castings tested allowed the mercury to pass through t '*he pores or 
air-hules in minute jets, as shown in Fig. 136, projecting it, when the 
pressure was greatest, a distance of more than a meter from the ves- 
sel. Vet the feeblest pressure was sufhcient to cause it to escape from 
the largest openings. The other three castings resisted the test. A 
greater pressure than three atmospheres could not be applied with 
the materials at command. The mercury became much dirtied, after 
the first three experiments, by impurities in the gas-pipe and castings, 
su that it is possible that the amalgam thereby formed filled the pores 
in tbe last three castings and itself prevented the passage of the pure 
mercury. 

This experiment was suggested by the experience of Professor 
Wolcott (jibl)s of Harvard University, from whom I have the follow- 
ing : He was iilling a cast-iron pot with mercury, and had poured into 
it about fifty kilograms of the metal when it was observed suddenly 
to shoot out in line streams in all directions through the pores of the 
vi'ssi'l. Professor (libl)s described tlii'. iron which he used to be per- 
fect so far as the eyi' (rould detect. The boxes in which mercury is 
put up for the market have to be made of wrought-iron. 

The six eastiuLrs tested as above described were fifteen centimeters 
lon;j; ejich, anil nearly two centimeters in diameter. The mct<'d was 
two niillinieters thick at the threaded end under the shoulder, and 
about iive millimeters thick at the other end. The object of this 
l^railalion of thii^kness was to discover what effect the thickness of 
the. casting liatl upon its permeability. It happened that the mer- 
cury i->(;apo(l in all cases at points ni'ar the middle of the cylinders, 
where the metal was i)i medium thickness. Hut inasmuch as it did 
not tlow from all parts of the castings with ecpial freedom, but rather 
from j)articular localities in each, it would appear that it could 
hai'dly have ])a>.-ed through jxn-t^. as the term is conmionly accepted, 
but rather tluou^rh minute accidental j)in-holes between the granules 
()!■ cry«;tal> of tin* uiatiTiaU not to be avoidml in casting. In this case 
iron of a hard, close texture would be open to these imperfections as 
\v«ll as soft iron, thouirh not to so great a de<rn*e on account of the 
suialler sizA* of tlu' crystals. These openings may be partially closed 
bv lillui the surface, of the casting;. A file, was passed over one of the 
'•a^iinus t<.'Ste<l while the uiercury was escaping under the pressure. 
A niiuiber of tlic lets were oblitiTated. oulv the stronger ones remain- 
\\\'S. J'"!' this re;ison saui[des to be tested should not be turned or 
filiMJ, but. suhjecled to tlic pressure in the rough state as they come 
from the foundry. It. is also in this state thai they appear in fur- 
naces, tor the sake- of which the te.-ts are made. 

Ilaiuuieriuir i^ «till more efl'ective than filing, and in wrought-iron 
the [»ores and air-holes are completely closed. 

Tlius every part, as larger as the small samples tested, of every cast- 
iws used in a furnace is liable to come out ri<ldled, like them, with 
minute holes invisible to the eye, yet large enough to allow of the es- 
capa oi gas un<ler pressure. This outward \)re8sure exists more or 
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)m> frtqaeatly in evvry hcit-air furnnce now known. In ihc ordinary 
dome rurnace it is conswni in ordinary use, as previously said. For- 
tuce men will difier in re^rtl to tbis and will rnj tbat it is impossible, 
thinking tbat a powerful upward chimney-dranght would overcome 
»ny slight upward tendency given by the height of the dome abovf 
the lower opening into the Bmoke>flue. 

Oliiere will be aa positive the other way. But the practical fur- 
nace mnn is unfortunately not the authority to consult on these mat- 
ter<. He U commonly ignorant of the scientilic principles which 
•bould govern the construction or regulate the use of a furnace, and 




' SlacGreggor furnace Nu. 1, one which is to he recomniendud. It ii' 
■imilar to the Magee shown in Fig. 132. The openinj; was live mil- * 
limeters in iliameter and threaded to take a brass tub> tie shown In 
Tie. 137. 

iDometer was attached to the tuhe and the pressure of thi- 
within or without ai'Ciirately measured in uiillimelers of a 
IT column. It waa found that there was a coitslanl outward prets- 
t from one to eight millimoters, aecording hi the cbeek-drnuglit 
IS from ono to five centimeters open. Or, roughly speaking, 
iSioreof about one millimeter for every centimeter of opening- 
re was used in the smoke'Due. The same pressure outwards 
d when the feed'door was open. 

lever an inannl prt-uure except when (he draught up Ike 

t Ion poircrfiil ta b* tr/l vith ta/ety, 
n these e^ipcrinients. tliereforu, iViti tvucmsm^ \tAewcii«\* *a.i. 
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t-ast-iron furnaces aflord no adequate security against the escaj)e of 
jras. Even if tested undf.r pressure before use, a precaution which 
no furnace (Icalcr or maker would venture to take, even if it were 
Iiracticalile,^ they would still be unsafe for the folio win j^ reason : a 
(•astin*^ of iron when examineil in section. Fig. 188, will be found to 
be densest at the surfaci* and more and more open or larger in grain 
approachinjj the centre. Tn a section of soft Scotch pig-iron the gran- 
ules at the centre appear as large as those in the centre of ourfigurf, 
while the outer portions are very much finer. Outside of all a coat- 
in;j: of silicate forms a thin skin comparatively impervious, so that a 
furnae*', which when new would resist every test, might prove to be 
unite useless as soon as the thin outer coatings were destroyed by heat 
:ui(l rust. 

With wrou;»ht-iron these objecti<ms do not hold. The gas-pipe 
used in the experiment illustrated in Fig. 13G was of wrought-iron. 
As was to be expected, no nii'rcury passed through it under the 
irentest pre>sure then applii'd. 

Wrought-iron is, however, more (piickly burnt out than cast-iron. 
r>ut the dilVerence is not impoHant, especially where fire-clay lininjrp 
lire used auil j)roj)er care is taken in its manairement. 

What will hapi)en to iron in a nd-hot condition seems to me to be 
entiri'ly ot' minor importance. 'I'be matter is almost wholly depend- 
• •nt n})()n the ipmJdii nj'f/i«' cfisfinffs iiscfl. 

To ol>tain rastinL:;s which, in tlu* cold state, will allow no gas toi)ass 
tbrouirh under gri»ater or less ])ressuri'. either when new or after a 
little usr. I belii've to bi' dillicult if not impossible, as furnaces are 
now made, and at best alwavs a matter of chance. 

^h)st l»a>enu'nt furnaces are now so constructed that it is never 
i!ece»ary to raise them to a red heat to obtain the best results, and. 
in ])ractict', this high temperature is seldom seen except under care- 
K*ss manaiicnu'nt. 

The experiments of Seville and Troost (who were bound, as sci- 
entific and conscii'Utious investiixators, to select with care perfect cast- 
ings for their test) show that a very small quantity, about one haJf o, 
cubic centimeter^ of carbonic oxide was found at the surface of the iron 
when heated to redness for tven/ mi/lioji cubic centimeters of air 
passed over the stove. Of this small quantity, part was generated 
by the fuel within and i)ermeated tin' iron, and part was formed on 
the surface by the decomposition oitlu' constituents of the air coming 
in contact with it. These experiments, and the report of Generiu 
Morin to tJie French Academv. have Lriven rise, for the last ten vears, 
to endless hcjited discussions as to the dauirer of iron in this condi- 
tion, — discussions as fiery when promptecl by. pecuniary interests as 
the iron itself under consideration, au'l havinir as Httle to do with 



■ The only test made Itr furnace men is a " careful ' - ocular inspection . Thin is evi- 
dently e<[uivalent to no test at all, tke air-holes being microiicopic : a test would inTolve 
either setting up the furnace complete and applyinur atmospheric pressure or else a spe- 
*Jml teat of each particular casting, both of which are too difficult to be applied in prac- 



n, Upei, mn-Plaer. 



115 

lh« pntctifMtl i|ut£tioii as reil-hoi iron has to do wiih propurly made 
nUKlerii hot-uir furnaces in general. Since tliese famous expcri- 
m«nta the iron has cooleil off to a tnotierate temperature, but the iJis- 
ciu^ions glow as fiercely a* ever. 

The fire-pot, now mucli thicker than the iron of the aiovi: tested 
bv Deville and Troost, is, in a proper furnace, fllao prolected by fire- 
clay (prneticftlly to [rrevent the iron from burning out, but nomi- 
niJly to allay the fears of the worriL-il and exfiied publie)- The ra- 
diatlog BUrfaces remain as thin as before, but are no longer heated to 
redness. 

We pass somewhat blindly from one cjitreme lo another. The 
opponents to the theory of " red-hot " perniedbility, and thd dealers 
in cast-iron furnaces generally, are conviaceil that thd French Acad- 
umy was mistaken, and that it is practically imposstlile for gases to 
pass through red-hot iron. In defence of their pomtion ihey march 




,. , " ilistinguishud "oheroists, pliysieiiinB, proluesura, 

ftnd dootors ot philosophy, who adver^se liberally in behair of the 
cjut-iroii (uriiacu men that " cast-iron is no more ^rmeable iban 
vrongbt-iron;" iliat " any scieniiftc chemist of experience must cud- 
"'' <r the exposition mnde in likvor of wronght-iron miieh in the same 
■ ia -miiri-'s ni'st;'" that " the result of aiiulyses allows that 
[e ox-Hq Ims ••■'t-er pot'td Ihvough the mdal a' ana lime ;" thai 
3r eannot afl^r tlireii muuihs' trial, working Til^^bt niiil day, get the 
icle of gas throu<!h the iron; that one has "never known 
as these 
b TUedYor heating purpu>e9." etc. 

" [. 199 represents the Heyiiohls Wrought-Iron Furnace, on 

Mt perfeol hot-air fui'iiaeee tij;iw known. The doors are 

ta iorm, with hevelkd edges, turned to fit with the grei 

by. M that they are as nearly nir-liiflit as movable nv>^Va.V \>m 

^ can be mode, nnd no cliecV-drnughl Aoor \n '^i6 «TOiiJ«*r-Swft \». I 
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;U)eeMary. This b a mo^^t importautfulvantai^e, inasiiiui-U na iF do 
eheck-ilrniigbt of damper be reqiiireil in ihe smoke-flue, the prcsEure 
may be kept continually inimrdB or at least neutral at every part of 
tUe furnaoe. The rwliatitig surfaces are wt^U plaoed and large in ex- 
Fig. 110 represents Dunklee's Golden Eaalu Fupnai^e. Initliotair 
E asses as well inside of the tubes as ontsiile iif tlve druui (not shown 
I the drawing), encloaiug them and tlie amokc i-hainber, thus kx- 
emplifying both principles of circulation previously descrilied. TIjh 
tiiMs are of vrroughc-iron, and it is t'lninii^d that Uie greater expan- 
sion of wrought over cost iron tl-htens tlie joints when the furnace is 
, lighted and lessens the liability of leakage. The furnace has a large 
'btinj; surface and is a powerful hcate]-. 
iChubbuek'e Cast-Iron Furnaou (Fi^. Ill) we haVL- illustrated (he 



■ on llie fire-pot, and in the Gullijc Furnace (Fig. H^) by v 
nona on the iipjwr and lower radiatine surfaces. 
~'~ »tta Is not permeable to gasei when Klaxed or vllrifieil, but 
' "' "' "■' " "»r liarif burnt without liidng 
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Suapslone is altugttlicr no ii -porous, iind an exL-ellent material for 
fiirii»L-e»i. Tliu liuiiling [Kiwerof tlie furnace shown in Fig. 144, made 




bj tilt Boiloti ^ iiiiaioni. C 
than wiiulcl iiuliinlli be <.x] 
toiirlnctiiig jMUVir 

Phu iilvint in.'- cliiiineil for tliL «oapgtone furnocL nru thnt it is 
al)solutLl} luijM rinrable to ga«.s ' uniformitj of htnt is easily 
niaintaineil , Ihi amuiint uf «)ap'ti)ni forming the rtuliating inr- 
fiic< of a single furnace (from two to '>it toils) furnistics such a res- 
ervoir of biat tUit =iiii<Kn chin{><?s of tcmpi,rutiire in the house are 
inipossibli Kreut diirabiliti tightness of joints owin^ to the sli9:lit 
ehm^e of the (lart- bv (.xitauvion and contraction un<ler changes 
of lLUi|iintiir( unci tilt siniuantt uf tbLst changLs to those of tile 
C( mints used in tlii. jointi and Lom|ili.te and even combustion of the 
fui.1 owin^ to tilt slow htat condutting power of soapstone and to a 
eiiei I il Hrriii}>i ment mllim ihe funi u t for au]>pl} ing warmed air to 
lilt fin. A ''ua{>stoni. furnace testeil for fite tears by the writer, in 
a bouse Imilt in liini at tlu \\ est > nd of Boston, lias proved itself 
a safe, pli.-aiiant, and (after the lirst cost) economical heater. 

The disadvantage uf ilie soanstime furnace Is tbat the large 
amount of racliatin<r surface reipiired involves considerable expense 
am) oi'i'npics Miiiieirlwt moro smice than an ordinary iron fiirnaee. ■ 

A leaka^u of gas. tlii'n. in hut-air furiinces may result, first, &oni 
porositv of the materia!; se<'onrl, from looseness of the joints; or, 
thin], from criicks at the fecil iiiid a»b-pit doors. The fii-st and sec- 
onii ditlic 111 ties may lie obviated liy ujiiiig ivrougli,t-iron, terra-cotta. 
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The third maj' be to a certain extent, lliougli not ali- 
\; avcMiled hy adopling the grounil and bevelled joiats ueeil in 
^ Keynolds "Air-Tight" furnace. 

*"^ei'e a caat-iron furnace is already aet, or where it is inconveii- 
o adopt either of the two couraes recommended, the furnaci/ 
ehouid be bo run tlmt there Ik a constant inward pressure from with- 
out. The pressure may be easily measured by attaching to the 
highest jwrt of the heating eurTace a manometer, as already de- 
scribed. In fact no drum furnate is complete without this attaeh- 
ruent. The manometer may consist of two simple quarter-inch glata 
tubes one foot long eacii, united at the bottom by a bend or by a 
rubber tube, half fiUt-'d with water, ttud attached to tlie furnace by 
Jlrass tube scruwe<l into the drum. The whole need not cost over 
mty-Sve cents, not including tlir labor of attauhing it to the fur- 

a (.'onstant inwnrd pressure it will he necessary to keep 
b teniptiraturu of the sninke-liue iiiute lush, and, unless some prin- 
ciple like that illustrated by Fi^, 129 bo adopted, a great loss of heal 
will he eust^ned. The principle, under a modified form, varying 
with the circumstances, as will liereafter he described, may be ap- 
plied to any furnace. 

Though tlie escape of gases may be due largely to the permea- 

biUty of the inateri^s, yet imperfect joints forni a source of leakage 

oqnally, if not more, important. As above remarked in describing 

the experiments on the permeability of cast-iron, a small amount of 

the mercury passed through the iron under the Feeblest pressure. 

Only n fraction of an atmospheric pressure was necessary to drive 

it through the largest pores, and in the experiment of Professor 

Gibbs no pressure at all was used above that of the mercury in the 

^nssel itself tested. The holes were too small to he visible to the 

Htted eye, and would therefore escape detection under the ocular 

^^pmination of the inspector. Yet with, tbe aid of a microsoope 

^^■By could be »eeu, and woidd consequently allow water to work 

^BpOugU under a pressure of a few millimeters head, or sufficient 

^H-'Ovoroouie its attraction. This proved, by experiment, to be 

^Hv f&al. In the case of gases, fnutioa would only retanl tJieir 

^K^iDent, while attraction might prevent altogether the passage of 

^KAi the only certain cun; (or escape of gas through the porea of 
^^B material ia to discard porous materiars altogether, so tue only 
^Bv for eaeaiie through ioinla would be to discard joints altogetlier. 
^H|a being impossible, tlie ni>xt best thing is to choose a furnace in 
^Beh the number of jointa Is at a minimum, and to run the furnace 
^^uaoh M. manner thiit the outward pressure shall alwaya be at a min- 
^Hbbi, Whether or not this mav be done without loss of heat will 
^BlMtier be seen. Furtiace makers will claim that the peculiar kind 
^Keement tbuy unc, or their peculiar method of hammering the joints, 
^Hu prevent leakage and stand fire. The writer vit^ited a furnace 
^^Wtrtiied by ihc makers to bo abioLuKly sc,aft-t.i%ht. 'I'lic Y^kvt^b 
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thu reverse of that used in the iTunklee furnace. To tllis 3 
r psrljculiirl)' objected, and inquired of the makers if they » 
iDt the furnace to standfast at theae points. The method jl 
working these joints wni, they elfiimed, peeuliar. No cement wai tu4^ 
and so great was the care bestowed on each joint that leakage wal 
sheet' impossibility. A line new furnace was exhibited to mat 
excellence of the workmanship. The writer alill objeoled, 
ciiallenged by the makers to give proof of any of the nume 
furnaces put up by the company having ever leaked gut. V 
out taking the time to visit nny or all of the five hundred or i 
gentlemen whose letters of roi^ommendation adorned the deetrripl 
circular of the firm, the writer uxpreesod himself satis&ed if tbe A. 
new sample fnmace then on exhibition would itself stand the lei 
With the assurance that, he was at liberty to make any reasonnU 
lest he pleased, ho ordered tlie furnace to be turned over and wa( 
poured into all the joints. To the complete astonishment ot i 
proprietors and of the careful workmen standing around, the WAM 
which was poured in poured out again through nearly every one A 
the score of careful joints, until the furnace seemed to dissolve, tr^ 
float away in its own tears. 

Tlie way in which an escape of gases in fornaces may btt awi 
by the pressure of the wind is very clearly expressed by Dr> Id 
coin.' But it must be borne in mind that the wind is not thft on 
cause of reversed pressure. Dr. Lincoln says : " In the csm of ho^ 
air furnaces it is very desirable to make the seams actually iiii]>c 
i>us tu ga». This cannot be done with the ordinary materials, J 
OBsl-iron, putty, and red-lead. The unequal contraction and dilfl 
tation of the pieces of casting inevitably crack the putty or oenwof 
a matter of small moment provided we were sure of a constant a| 
mospheric pressure inward. But we cannot be sure that such a prea 
ure will continue under all circumstances; and the manner in whi4J 
th« direction of the pn-'ssure may be reversed is easy to uoderalaii 
For the iron wall of the furnace represents a diaphragm between t1 . 
boxes, from each of which a powerful current ascends. One I 
thcio boxes is the stove itself, discharging inio the chimney ; 
other is the hot-air box or reservoir, dischat^ng through |^ 
registers, halls, and stairways, — all of which taken togeUier n 
form a kind of rival cliimney drawing upon the hot-air box w" 
force nvarly or quite equal to that of the actual chimney. 
' the direction of the wind njay be such as to favor the exit ot J^ 
from the box by the duct intended to admit it, and if, under IIm 
circumstances, a puff of wind strikes the chimney unfavorably, Itfl 
not strange if the pressure should be for the time reversed, and^g 
escape into tlie Inx. In point of fact this not rarely hap{MM I 
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it-iroo, which can be made perfectly tiglit by overUiipln", 
And hammeiing the edees. Stone furnaces can be mnde 
■." The furancB room should be ventilftted to carry off ac- 
leakages or piiffg of g«B when the feed-door is opened. The 
box should be made of brick or itone and made perfectly 
1i a clean-out door favorably placed, and the fresh air slionld 
from a apot where it is moat likelv to be pnre. It is best 
. from an eaclawd spot as little a^ected by winds as posEi- 
no such ehamher exists, or can conveniently be made, it 
should hv taken in scparBte ducts from bolli windward and leeward 
ddea of the bouse, and proper regulating valves aapplted in the duuta, 
to be operated, if possible, from the parlor or sitting-room by means 
of wires and cranka. Strictly speaking, the fi'esh-air box should be 
InTge enough to supply all the flues, allowing one sixth for expansion 
after heating, so that the longer hot-air flues shall not draw air from 
the shorter ones, as sometimes happens. 

The amount of water evaporateJ in a furnace to give the air the 
desired moisture depends upon individual taste and temperament, 
upon locality and climate, and cannot be definitely speuified. The 
supply ehould, liowover, be automatic. Tiie ball-cock used should 
be of a kind least liable to get out of order, and should be protected 
from dust. 

It is worth while here to remark, as a considenitioii of some little 
importance in finishing a house, and one fretjuently overlooked by 
owners nn<l architects, that the evaporating pan should be emptied 
and the water-pipe temporarily pluggeii up on the furnace side 
while the inside finish of kiln-dried stock is being put on, Other- 
wise the evaporating water will rapitlly reenter the wood before it is 
'~ place, cracks will result as the honae grows old, and the advnn- 
of kiln-drying will be partially nullified, 

FRESH AlB IS OOK DWELUM08, 

attempting to uombine in one a|iparatus the open fire-place and 
modern furnace the first (jUeation governing the form of the ap- 
MratUB which must be answered i?. How much space should be al- 
lowed for the circulation of fresh air about the radiating or henling 
surfaces? 

Deprived of fooil we can live on for weeks, but deprived of air we 
' "irec minutes. Nature has, in the construction of our bodies, 
half the space in the main trunk to the machinery for the 
and distribution of fresh air. The working of this machin- 
ivoB the entire frauiv, giving it the only regular and constant 
n Apparent, and producing the only regular and constant sound 
' a our senses , It occapies the central position in the \iO(\y 
Id its service the two most prominent features in tiiat seat of 
face ; that ii, the nose and the mouth. Tet in our artificial 
. IS the miu-'hinery devoted to ventilation, if allowed a place 
Is treated with contempt and crowded into whatever eliaiioe 
y be left for it after ihu worli o( VmMtet \% invve,. \\% vt.- 



122 The Open Fire-Place. 

lets and outlets are disguised or hidden as things of which we should 
be ashamed, rather than treated after the example set us by nature, 
as the leading decorative features of the edifice. 

In the process of breathing, the blood is exposed to the action 
of atmospheric air, during which exposure it undergoes certain 
changes. ** The blood from the right side of the heart when it en- 
ters the lungs is of a dark red color. It is then dispersed in a state of 
most minute subdivision through the ultimate vessels of the lungs, 
and in those vessels is brought into contact with the atmospheric air, 
when it becomes of a bright red color. In other words, the blood 
changes in the lungs its venous appearance and assumes the charac- 
ter of arterial blood. The blood, thus arterialized, returns to the 
left side of the heart, from whence it is propelled through the ar- 
teries of the body. In the minute terminations of the arteries the 
blood again loses its florid hue, and, reassuming its dark red color, 
is returned through the veins to the right side of the heart, to be 
exposed as before to the influence of the atmospheric air, and un- 
dergo the same succession of changes." (Prout.) 

** The water given off by the lungs is not pure water, such as is 
liberated in the process of distillation or evaporation, but is contam- 
inated with the most offensive animal effluvia. M. Leblanc states 
that the odor of the air at the top of tlie ventilator of a crowded 
room is of so noxious a character that it is dangerous to be exposed 
to it even for a short time. If this air be passed through pure 
water the water soon exhibits all the phenomena of putrefactive fer- 
mentation. The water of respiration, thus loaded with animal im- 
purities, condenses on the inner walls of buildings and trickles down 
m fetid streams. In the close and confined dwellings of the poor 
this vapor condenses on the walls, the ceiling, and the furniture, 
a,n(l gives that permanently loathsome odor which must be familiar to 
all wlio take sullicient inter.est in the poor of large towns ever to en- 
ter their dwellings. Take up a chair, and it is clammy to the touch, 
and the hand retains the ill odor. 

*• How much disease and misery arises from this cause it would be 
difficult to state with any approach to accuracy, because the causes 
of misery are very complicated. In the evidence taken before the 
House of Commons, on the health of towns, in the year 1840, the 
medical witnesses stated that scrofulous diseases were the result 
of bad ventilation, and that in the case of silk-weavers, who pass 
their lives in a more close and confined air than almost any other 
class of persons, their children are peculiarly subject to scrofula, 
and softening of the bones. Dr. Arnott stated that an individual, 
the offspring of persons successively living in bad air, will have 
a constitution decidedly different from that of a man who is born 
•of a race that has inhabited the country for a long time ; that the 
race would, to a certain extent, continue degenerating. Defective 
ventilation deadens the mental and bodilv energies; it leaves its 
mark upon the person so that we can distinguish the inhabitants 
>f a town from those of the coutvVxy. T\i\& ^SXxiVi^^, vev. ^Iludlua to 
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Bol knowledge among all claases on tht subject of venti- 
ittttut that he nad heaid at tile ZooIo^lbI Gardens of a. elass 
of aniiuiita wbere llFty out of sixty wure Killed in a inontli frooi 
pultiDg lliem into a. house which h&d no opening in it but a lnv 
Indies in liie floor. ' It was like putting them under an extiaguisber; 
and tlii« was ijupposed to be douti on scientihc principles ' " (Toni- 
lineOQ.) 

" One of the most obvious effects of an insufficient Mipply of air' 
is tho discomfort uci'aaiuned in Chose who are not habituated' to the 
deprivation. This discomfort is an evidence of positive injury, &nd 
luftv increase till headauhe, prostration of stren);tti, gastric disordem, 
ind tainting occur. Closeness of air, not producing such nmrked 
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Mrniptoms, may cause dyspepsia and impairment of the ^neral r 
' — symptomB whicn a; ' ' . - . ■• 



rment of uic "cn 
s recognized as related to 



Nwpto , , ... , „ 

BOtli — BymptomB which are now recognized as related to the de- 
Biiffleni of phihids." (Lincoln.) 
Blie unount of pure air required for comfort, as judged of by dif- 
[ent persons through their senses alonu, varies with individuals, 
d with the same individual at different times, and this to such an 
extent that their judgment cannot he relied upon. An atmosphere 
which may seem to one perfectly pure and agreeable, may to another, 
with a more sensitive nose, be extremely nauseous. " It is curious," 
says Lan^e in his work on ventilation,' " that the peasant (whose 
custom of living in the air of the open Qelda would make it seem 
inost incredible) should be often the very one to insist upon an at- 
invsphere indoors actually dente. In the winter the entire houee- 
hold, as well as a part of the stock uf domestic animals, live to- 
gether in a single small room, where all the cooking is done, and (he 
peasant smokes his far from savory pipe. He aecins to feel himself 
quite at ease, only when, as the saying goes, ' he can ail the nir with 
' sjni^.'" 
^tt IS necessary, therefore, to refer to a more cutupetoni judge than 
■ flen»e of smell in investigating Ihefurity of the air we hruBlhe. 
The air of an ordinary Uving-room is altered by the occupants in 
9 irayK. First, by a ehnnge in its tonxliluenU, the oxygen being 
I Jbtly dimiuished, while the carbonic acid and moisture are consid- 
erably increased ; and second, by an luldUion of mailer in tlie form 
«^ orgnnic exhalations whose chemical comjiosition and proportions 
nre still unknown. 
;Xbe chief constituents of air are nitrogen, which forms its lHrjji<st 
rgen, and carbonic acid. The former need not be conaiil- 
ConneuUoo with ventilation. The air of a dwcUing-nxim 
.- no more nitroz»a than that of the open fields. 
relatively small abstraction of oxygen renders the cuusid- 
of tills component also unimportant. The carbonic acid, 
not the injurious element of the air of our houses, ijnpov> 
by ordinary respiration, fui'nishes the best means now known 
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of meaBiirbg its impurity, PetKnkofer found that he could 
for hourain tur coataminz 10 parts per thoiuand of carbonic 

without incoDTea fence. Forster states that he experienced no 

of difficulty in breathing during asta}- of ten minutes ' 

in;; 40 parts in a tboaennd. Hirt says that workmen in 

saSur as long as the proportion of carbonic acid does 

larts per thousand. In our dwellings such high proportions of 

aonio acid are obtained ouly in exceptional cases. 

The harmful element of air consists in the organic inwuriliea i 
ing from respiration, as well as in the carbonic oxide of^ combus 
and the organic impurities are particularly injurious when they 
'■'" to decompose. These impurities are generally found to ejtis 
ct proportion to the amount of carbonic acid present, so that 
latter serves, in default of a more direct method of moaaurement, to 
determine the amount of the hurtful ingredients. 

As for carbonic oxide, it is a highly poisonous and daogerous gas, 
one part in a hundred of air being sufficient to destroy animal life. 
" The chemist Che not, having accidentally inhaled a sinde breath 
iif [this] gas, fell on his hack to the ground as if struck by lightning; 
his eyes were rolled in their sockets, and his extremities drawn up. 
In a quarter of an hour externa! sensation returned, with a feeline of 
L'old and sufTocation. A heavy sweat covered bis whole body, wniln 
a peculiar hypertestheaia of the brain existed. 

" Carbonic oxide is known to be often present in minute qu)uiti< 
in the air of inhabited rooms, proceeding from defects in furnace 
es, and to some extent from, the imperfect combustion of ill< 
Jiating materinl. Being a frequent ingredient of illuminating gar, il 
may enter a room through a leak or through the sides of flexible 
tuljes. It has been found in tobacco smoke. Many people suffer 

from small amounts ; the effects commonly attributed to 

ordinary life are giddiness, headache, and prostration 

It exists in the smoke of a glowing candle-wick. Death 

results from the careless use of braziers containing charcoal, 

monly used in Southern Europe; King Alfonso very nearly lost _ 

life from this cause a few years ago, in Spain. The danger of clo»< 

ing the chimney-draught of a stnve anses chiefly from the probab^ 

'*y that quantities of this gas will he thrown back into the room. 

he fuel (anthracite, wood, coke, charcoal, soft coal), which bum* 
readily and without carbonic oxide while abundant fresh air ia » 
plied,' gi'^es rise, when the draught is checked, to the half-oxidji 

Sroduct (CO instead of COj). In no case can we say thai a gii 
re produces no carbonic oxide. For example, in a bed of live cc 
ten mcliea deep, we know that it exists in abundance in the eeni 
layers, where oxygen is deficient in amount, and that it issues in 
quantities from the upper layer, where, again meeting with air, it 
becomes further oxidized or burnt, making a blue or yellowish flame, 
characteristic of the perfect combustion of anthracite and cbarco]U|_ 
and forming carbonic acid. 

" Air may, so far as its eH'eot upon hcnltli is conccrneil, be cDnsi< 
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ered pure und good which contains not more than 6 or 7 parte in ten 
thousand of carbonic acid. A good rule is that it should contain 
under one part in a thousand. To attain an absolute purity would 
be impossible, even with the strongest ventilating currents, both be- 
cause the outer air is itrelf not absolutel/ puro, containing from 3 
to 7 parts o( carbonic acid in the ten thousand, according to the lo- 
caliCf ^ and because the organic product of respiration clings to the 
walls, ceilings, and furniture so pertinaciously that it may he said 
to give to every place its peculiar and charge teria tic odor. Boston 
Public Garden showed, in May, by four analyses, S parts in ten 
thousand." (Storer.) 



Lange 'give 
bonic acid in the air. It depends upon the fact that carbonic Bi 
lime or baryta water produces a precipitate of carbonate of lime or 
ba ryta which shows itself by clouding the previously clear solution. 
^"Ha make the test he used six glass bottles of different capacities, 
"No. 1, of 450 cubic centimeters capaeiti'. 
- - , 360 u « .1 

I. 30Q .. .. .. 

' 250 " 

' 200 " '■ " 

1 160 a I. " 

PWhen these are ciuite dry and clean some clear fi'esli limewatur 
R-made, fifteen cubic centimeters of the solution measured out, and 
poured into the smallest of the bottles, containing the air of the 
room to be tested. The bottle is stop|ied up and (horoughly shaken. 
If no cloudiness results therefrom the same experiment is tried with 
bottle Ko. 5, and so on, until a distinct cloudiness is discernible. A 
cloudiness obtained with the sixth bottle indicates at least li> parts 
of carbonic acid in 10,000 of the air, an impuritral together mad- 
mie«ible, so that no smaller bottle need be used. The fifth shows 12 
in 10,000, the fourth about 10 in 10,000, the third 8 in 10,000, or a 
satisfactory condition of the air. The third shows T in 10,000, the 
second 6 in 10,000, an unusually pure indoor atmosphere; the first 
indicates from i to 5, certainly under 6, in 10,000, a condition rarely 
obtained except in the open air. In order to distinguish with 
greater ease and certainty wlten the cloudiness is sulTiciently strong, 
small pieces of white paper with a cross marked on each in pencil 
nmy be pasted on the outside of the bottles below the water level, 
witn the cross mark turned inwards. When this cross-mark can 
no longer be seen through the solution it may be assumed that the 
cloudiness is sufficient. 

From the experiments of Eresmann * it is found that from the 
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consumption of 1,000 liters (about 35 cubic feet) 681 liters of car- 
})onic acid are produced. A burner consuming; 140 liters per hoar 
(an ordinary 5 foot burner) generates in this time 92.8 liters of car- 
bonic acid, about equal to that produced by four grown-up persons, 
and in resi)ect to organic substances it corrupts the air as much as 
five grown-up persons. 

According to Pettenkofer, a strongr workman, weiGchingr 75 kilo- 
grams, and 28 years old, produces hourly 22.6 liters of carbonic 
acid by day while at rest, and 36.3 when at work. A " feeble tailor," 
weighing 53 kilograms, and 26 years old, produces 16.8 liters while 
at rest during the day, and 12.7 during the night. 

Scharling's ^ observations give the following table : — 

o o o 



Aee I Weight 



in Kilos. 



Boy 9J 1 22.00 

Girl 10 123.00 

Youth 16 ! 57.76 

Maiaen j 17 i 65.76 

Mau • 28 ,82.00 

Woman I 35 , 66.50 



Hourly Production 

of Carbonic Acid 

in Liters. 

10.8 
9.7 
17.4 
12.9 
18.6 
17.0 



AMOUNT OF FKKSII AIR KKQUIHKI) PER HKAD PER MINUTE. 

To calculate the amount of fresh air required per minute by each 
occupant of a room we will iissume the number of respirations per 
minute to be 17 (average obtained by the writer from five different 
persons at rest). At each breath the volume of air respired amounts 
to about one halt* liter, and contains, say, 43 parts of carbonic 
acid to 1,000 of air. If we supi)ose the outside air to contain 
0..5 parts per 1,000, and we wish the limit of impurity in the room 
to be 0.7 parts per 1,000, then each half liter of outside air in- 
troduced will add a volume containing 0.7 — 0.5 = 0.2 parts in 
1,000 less carbonic aeid than is required. The half liter respired 
contains 43 parts, and as this breath cannot be removed in- 
stantly (unless each occupant breathes through a tube communi 
eating directly with a ventilating flue), it must be diluted with 
as many volumes of the incoming air as are sutlicient to raise it to 

JO 

the required purity; i e., -- , _ ^ ,. = 210 volumes of one half liter 

each for each respiration. For 17 respirations we have 3,672 half- 
liters = 1,837 liters, or 1.8 cubic meters. General Morin gives for 
hospitals from 1 to 2.5 cubic meters per head per minute; for thea- 
tres from 0.7 to 0.8 per minute; for assembly rooms, long sittings, 
1.0 per minute; for short sittings, 0.5 per minute; schools for grown- 
uj) pupils, from 0.4 to 0.5; schools for children, from 0.2 to 0.3. A 
"jimple rule is to allow for each individual one cubic meter and for 
h unventilaled gas-burner three cubic meters per minute. 
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e «uii|)lf of thi$ quantity i>( air is, in orJiniLry buildiogs, partly 
■ lAitaineJ by tialura£ eent'dation, tliougli to what extent is at present 
unknown, as the matter hns been but little studied. It is extremely 
iniportnnt, therefore, to iovesligate the fubjeet, and to ascertain, if 
possible, what allonance sbould be made in our calculations for this 
air supply, and either to regiilute its quantity at pleasure or to represB 
it altogeUier. 

Natural ventilation is directly dependent upon the pernieahility of 
the building ntatenala, and upon Uie amount of nir pressure upon 

RBnrfaces of the external walls. 
\aaj oE us have observed, especially in unfiDished houses, while 
diag near a bare brick wall on the windward side of the botiae, 
a strong breeze passes easily through the briclcwork and pro- 
is a perceptible draught in the interior. This pressure is de- 
pendent upon three considerations, which are given by Lange as fo!- 

1, The difference of temperature between the air within and with- 
out the place to he ventilated. 

!. The diffusive tendency of the two masses of air separated by 
the walls of the house. 

3. The strength and direction of the wind. 

Lange shows that the difference of temperature has bnt little in- 
fluence upon the amount of natural ventilation compared with that 
produced by the wind. It is impossible by any experiments which 
can be made on an actual building to determine accurately the part 
played by the temperature alone as distinct from the wind and dif- 
~^riVB tendency of gases. But experiments may be made to advan- 
lall scale an<i with apparatus especially dedgned for the 

jBRge gives, by calculation from such experiments,^ llie pressure 
the outer walls of a house 20 meters hi^h, at a barometric iiress- 
B of TIS millimeters, the inside temj>erature being 27. 3° C. and 
the outside temperature 0^ C, l.lXikUogrami per square vuler of 
-lit expoteit surface. The amount of ventilation resulting from this 
e depends upon the nature of the building materials used, and 
easily calculated when the latter is known, 
IT the second consideration, the diffusive power of gases, its 
e Upon the ventilation of a house tlirough the outer widls 
$> to the small difference in the mechanical mixtures of the 
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It the walls either way, too »maU lobe npprecinUe, anu it may 
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t diminutive pressure 



r far the most important a 
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The following table, calculated from Peclet and Smeaton,^ showi 
the pressure of a direct wind per square meter. 



TABLE X. 



I ■ 

SI'S 



lis 



Remarks. 



S C o* 

P. MX 



0.6 


1.8 


1. 


8.6 


2. 


7.2 


6.6 


19.8 


10. 


86. 


20. 


72. 


22.6 


81. 


27. 


97.2 


86. 


129.6 


46. 


162.0 



Breeze hardly felt. 
Breeze sensible. 
Moderate or pleasant wind. 
Quite strong wind. 
Iligh wind. 
Very high wind. 

Storm. I 

'Severe storm. 1 

Hurricane. | 

Hurricane which uproots trees and ovt-rthrows houses. 

I 



.Its 
.2 
.5 
45 

20. 

66. 

73. 
105. 
186. 
290. 



For an average velocity of the wind of 27 kilometers an hour we 
should have a pressure of one half kilogram per square meter. A 
wind stronger than 36 kilometers an hour would be exceptional, and 
is not to be reckoned upon. This would give us, according to the 
table, 22 kilograms per square meter. But in all cases it is neces- 
sary for the wind to strike the surface at right angles in order to ex- 
ert upon it a pressure corresponding to that shown in the table. In 
consideration of the great variety of force and direction of the wind, 
it cannot be counted upon as a reliable source of ventilation, our 
table showing a pressure varying all the way from 0.03 kilograms to 
290 kilograms per square meter. 

It remains now to ascertain the effect of this pressure in trans- 
mitting air through the walls of our buildings. The air may be 
forced through the wall in two ways, namely, either through the ac- 
cidental cracks at joints, or through the pores of the materials them- 
selves. 

No arguments are needed to show that the ventilation comino^ 
from the former is so uncertain in its amount and so disagreeable 
and dangerous in its character, that every precaution should be taken 
to reduce it to a minimum. By the use of good cements, packinor, 
and rubber mouldings, it may be reduced to so minute an amount as 
to be practically inappreciable. 

Porous building materials have the advantage of greater capacity 
for warmth. The conductibility decreases as the porosity increases, 
•^nd what air passes through the walls of a building is warmed in its 

ssage. But inasmuch as the loss of heat in radiation from the 
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f wbIU iuW space is tbe same for an uqu«l rliflerencB of tem- 
peralure between tlie^e walls and tLe objects receiving the rays, 
savb a ti-an amission of eolil Air tbrougii tlieiii must t'ool ilieni to an 
extent nearly correa ponding to its amount, and deprive them Jwgely 
of their liealchful action in radiating heat upon the bodies of the oc- 
cupants, llie greatest desideratum in heating ii to have tlie walls 
and floor of a room as warm as possible Itaiin^ tlie brealhing air 
comparatively cool; and anjtbing tending to deslrov ihis elfect 
should be avoided as far as-possible. 

Experiments have been made by Pettenkofer S<.hii1tze Marclcer. 
Lange, and others on various buildingji to determine the cjuan- 
tity of air passing through the walls in a ^iieti time under a 
given pressure. Pettenkofer found that the amount of air which 
passed thi'ough tbe walls of his study, per hour was 246 cubic 
melers per square meter of wall-surfMce fur a dificrente of 1° C. 
between (he excernat and the internal temperatures But these ex- 
periments give no reliable or accurate data for practice The only 
way to uiilain correct results is to make the tests on a simple scalu 
witn small pieces of material under a known pres'<urc 

The principal buildina materials used in different countries differ 
greatly in their permeability to air. In Germany they appeal' to be 
in general more porous than in this country so that perhaps, for 
this reason the need of artificial ventilation is less directly felt with 
the Germans than with us. 

Of all building materials none differs more widely in tlie matter of 
porosity than liaked clay or terra-cotta, the material most exten- 
sively used. In tbe form of certain kinds of Rre-brick its porosity 
resembles almost that of a sponge, while in tbe form of vitrified or 
glaxed tile it ia absolutely non-porous, A piece of semi-vitrified 
terra-cotta, used in a furnace constructed by the writer, was tested 
by him, and found to permit only 9 cubic centimeters of air to pass 
through per hour, under a pressure of lOeentimetersof a water column 
which is equivalent to a pressure of 1 grams per square centimeter. 
Tbe piece was 80 millimeters thick, and presented a surface of 35 
square centimeters to the pressure. For a surface of 1 square meter 
tbeaniouotof air forced through would have been 2.C liters per 
hour, under the same pressure of 10 grams per square centimeter- 
Other pieces, in the form of brick, were tested by Dr. Henry P. 
mdlt«h, with the following results : — 

i'Sjur Taunton bricks allowed the air to pass at the rate of about 

), lOtt, and 795 liters respectively, per hour, for the same sur- 

je meter), same thickness (3 centimeters), and same 

_ ) grams per square ceniimeter). North Bridgewator 

e 66 and 132 liters; a New Yoric brick. 330 liters; New 

ijrlH-ickf, I« and iS liters; a Philadelphia face brick. 891 liters; 

\ Enstem briok, 1ti5 litersi and a Danvers face brick. 23] 

Ohio saod stone gavii 9^0 titers. 

us used for our tests is represented in Fig. 145. Air was 
a gas-liolder shown at the leti. of i\\c vilViW. n,vi&. t^isu- 



t (1 .a««e 
nm (10 , 



Tlie ( 



'. Fire-Plaee. 



ducted hf a rubber tube to lira bcnC dasB tubes containiag, thfiil 
ichloi'ide of caldum and the otber sulphuric aeid, in passing llirong 
irliichit was tboroagbly drietl. Tbe pressure vnts measured byairi* 
monomtiter, and the piece of nialenal to be tested was belil betwi 
two cups of iron st^curely connected with ibe rubbvr tube i: 
W»y tliat tlie compressed air (Hiuld enter [ri!ely otie exjuwed side a 
Bample and eacape at ibe apposite aide. Thu four rumatniu 
. ™..».i .. — ,.,..A ~.hi. „^ "'r-proof cement oomposu'' "' "■" "^ 






e coverlid with a 



ered bi tbe 




i the wliole w.is kept uiKier water during the lest, so that anv e*- 

■ "t ill tiuee be detected bj- bubbles. Tlic air tbl» 

d tbroug;lt ibe material to be testpd wits Unall)' deliverud into 

iduaied glass vessel inverted over a basin of water, and iQeuured 

— 10 apparatus was used for testing the soapstoue before rafOR^ 

used by LsinL^e in mukin" his more ejttendod tSi 
was similar to that above deacribed, except thai 

' air hetoi-e instead of after passing it throi^ 
la' to be tuf li'd. This methml was less exact becaUM MDH 
li miiht iH.il liy iiftiiiillv transniilteJ tlirougli thi 
\<::\V.'vjy.. 
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obaervftlionii of !^(.'bUr^la^n ' and Lsnge show tliat the 
ftmounc of ftir passing through porous materials of homogeneous 
struelure under tonstnnt pressure is inverse!]- proportional to llie 
thickiwSB of the pieces tcsied. 

Lange gives tlie following table sUowin2 the permeability of vari- 
ous iii-^Ceria.19 under a constant pressure at 10 grama per Bi^uare cen- 
limuier. and the itmount of air in liters or oubiu 'lecimetera p:issing 
thrmigli lliem per hour, per square meter of surface, llie pieces 
(esttid being 30 millimeterg thick. 

AcconMnu; to Lunge and Mdreker, burning increawB the porosit}' 
of brick up to ihe point of vitrifii'Btion, when it becomes non-porous. 
The difTerent kinds of bricks vary [^eatlj- in porosity. Mortar is 
exceedingly porous, but after remsiniiig some time immersed in 
water it beeouiuB le?B so. We see by die table that Portland ce- 
ment transmits 49'2 liters per squtire meter, under tlie sliglit pressure 
of 10 grams to the square cenliniuler, or about the hundredth part of 
one atmospheric pressure, It cannot, therefore, as in the form of 
concrete tor basciiient ccIWb, l.e considered Ijy any means ns air or 
damp proof. 
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Knt wnoda vary greiillv. pine liein^ iiiori- ]jorous cvt 
nnil unk luss puruus th'fin the densest briuk. Tufacvoi 
s found lu be ilie most porous substance tested. 
Hot kinds of bricks and sandstones vary greatly. Tt 
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iaScTetA kinds of sandatone given by La.Dg:e varied between 0. 
' ",009 cubic meters of air transmitled under the eaiiie presBOW to 
me time, tbe French sandstone tested trauBiutlting 40 times M 
gnuch air as the German (Sollingsandstein), which was the leilf 



ninished the pc 
I moistening, in some cu 
n-i>oroug, as in the cue 

r building inateHats and 



found that a cont of wnter-glaes (silicate of soda or pot^ 
«b) (jrminishcd tlie porositj', and the more bo the longer it sUyA, 
until after a certain time it rendered it entirely non-porous. Uil paint 
Kcted io the same way as long as it was new. Water-color withfiftw 
(ize (Leim farbe) diminished greatly the permeability, more than Sslf, 
ftnd the more the stronger the sizing. Lime water-eolor (Kallc fariie) 
diminished it the least. Papering diminislii^d the porosity ir " "~ 
less according to tbe nature of ihe paper and the [hicknesa 

rte used in hanging it. The diminution of the permeability vuk^ 
different tests between 18 and 76 per ce " 
a brickwork, i 
meabili'ty according to the degree of tb« 
rendering a porous material abaohiiely no 
Beton and Portland cement. 

Knowing, then, tbe permeahiiity of u 

e pressure of tbe wind, it is easy to calculate the natural ventitit 
m in any given case. Suppose, for instance, we liave a room 
meters iquare and 4 meters high, with one expoEed side, and lliat tl ^^ 
exposed side contains a window 1 meter wide and 3 meters h^h. Tlri 
walls are 40 centimeters thick, 30 of which are brick, 4 air-sp^*-~ 
6 furring and plaster, and present a surface of 24 square meten 
the outer air. Take out 2 meters for glass surface, because jla« ^^ 
non-permeable, and we have 22 square meters of brickwork exposed 
We navo found that I square meter oF hard Eastern brick 3 centl- 
Ineters thick wilt admit 165 liters of air under a pressure of 1< 
;rams per eauare centimeter. We have, by our table, for ptartei 
46 and for laths 3,636. But supposing ihcir permeability and thn) 
f the mortar to be the same with the brick, we have, for our 4( 
jWnthnelel's thickness of woll, —■- ,& - ' '^ ^ 250 liters of air tMB 
under the pressure of ten grams per square centimeteTt t 
(too kilograms per square meter. 

Thb pressure is, by tbe table, equivalent Ui that of a severe stOtl 
(earing directly upon the house. 

For a moderate wind tbe pressure would lie about 350 timei les 
ind we should have a ventilation of only one liter per hour. Fop 
Philadelphia faoe-briuk wall we should have about 5 liters per hoH 
■- BOO liters, or iialf a cubic meter, in case of a sevei« Bton 
. gentle breeze, direct, it would be about 2 liters per hoari Mil 
ftt right angles with the wall, say, 1 liter again per hour. If the wa] 
were papered on the inside or painted in distemper, lhe» fini 
-Tould be redneed. say, one half, and if oil paint were uswl 

■"*""*■" ould be reduced to notliing. 

built of the limestone given in Lune' 



Ht transmitting 2S,728 \UetB^t\vOwt,\Wi'iWSiMXa»i\o.^' 
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wind would uraouDt to ' ^ ^ If "^ = 47,3^8 liters = 47.4 tiibio 
raelers |ier Hoiir, or 0.8 cubic meters per minute, an amount quite 
Bnflicien', (or a Ein^le occupant. Thus we sue tlint tbe ventilation, 
left to the natural [)erraeabiliLy of tbe material, would varj- with 
every material and witli every change oE tbe wind, beins grcateEt 
when the wind was highest and the exterior air wag coldeet, or in 
other words, when laftst desired. It is therefore in the highest de- 
gree unreliable. Such a. form of air eiipply i« objectiotiable, too, in 
most cases, on account of its cooling action upon the surronniling 
walls. We have seen that (calculating from I ange's tiguree) a 
building material may admit air enough to suppl) ont person for 
every 22 Bquare inetera of wall-surface exposed direitlv to Ihe 

The matter assumeE. then, considerable importance and demnnds 
of the heating and ventilating ungineer careful sludv In lee 1 it is 
easy to obtain bricks and stones so porous that a ctndle ldi) bi. 
blown out by a slight effort of llie breath through pieces many ;,en 
liinelere in thickness. The experiment may easdy be oerformed 
by any one by attaching rubber tubes to opposite sides of the sample 
to be tested, and covering the remaining sides with wax in the man- 
ner described. 

While, therefore, it may for many reasons be desirable to emiiloy 

porous materials for building, these materials should be carefully 

coated with non-peruieable substances, either outside or inside, or 

both, and every precaution possible should be taken to prevent the 

entrance through them of the outer air, though I am aware that this 

conclusion is exactly the reverse of that held by Lange and others. 

If there were cases where no other sufficient fresh-nir supply 

cnutd be obtained than through the pores of the building materials, 

natural ventilation might be recommended. As it U, there are, nn- 

furtuuateiy, many buildings in which no other sufficient supply is 

provided, and natural ventilation then becomet, in spite of us, a 

u ureal good; but as our question here is with well, and not ill venti- 

LJdad buildings, accuracy and success in our arrangements require 

^^^BAd know its greatest extent and provide against it. 

^I^Phie walls of our building having been made impermeable to 

^^E, and ijl cracks or accidental openings having been carefully 

closed, our freah-air supply may t>e accurately calculated and uon- 

irolled, anil the heating surfaces over which it h conducted may bo 

Btilimd to the bust advanti^e. 

""ho Bi»u of our healing surface having been determined by the* 
lUOl of fresh air required to be warmed, ami this amount again by 
■uasimum number of persons and giLs-burnera to be supplied, it 
iuB la lix upon the beat point or points in the room (or the 
delivery. Here we enter it long-contested battle-field. 
' means be uuiployed to warm the air before its introduction, 
enler »nd be dlstributetl in s\iu\i a ""ai aa \» w.^^*; »& -w-iis.- 
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ui inconviniencing anj- A^ a general rule, niici vht 
pen lire-iitaue is n«e<l. tbe entrance slioidd be ul or nt .. 
'ualever sysieai of lieating or cooling tbe freth-atr supply be ij 
»nU wlietlier, npoo entering, it be cooler or warm" — '* 
ready in the room. If it enter warmer, it will ri 
ceiling, cv«n if it be liret introduced at tbe floor, so tbat tli<^ H 
aiiv»nlage, in Uie way of heating the floor, by baviiig the hot-olj 
registers in or near it. This may be easily verified by burning ( 
' ' the fresh-air box or flues of a fumaci; and w* 

taken by the warm air thus rendemd visible, i 
:s from a fioor register. It will be found to shoot upwftrdB inl^ 
n to ihe ceiling as repriv"t'iireil in Fig. 14H. mare iT 



da.no s 
ing llie 



1 



I less rapidly accordins h* its tewipevature exceeds morL 

of the surrounding nir. Outside of this column ibe nir will i 
warmer al or near the Hoov tlwn it no regiwer there csistad, 
the heated air at the top descends in regular strata to the botUi 
In fact, one of the best places to draw off tlie colder and foulee A 
from auch a room would be ihrtingh an openirig plat-ed direetljrlt 
I tbe side of this hot-air supply register in the floor. It, on Uie « 
I trary, the fresh air introduced be cooler than that already ia I 
room, it will, if it enter at the floor, escape at once at the ft 
place openinir or at any other foul-aip exhaust-flue which ra&v | 
I placed near tbe floor, without rising to the level of ttie bends <u tk 
I OccU|)aiits, and be lost. But if the entering air be cooler than tha f^ 
J of the room it will greatly inconveniencu those who may be * 
I nuKT the inlets, where these inlets are at the bottom of tiie n . 
I especially in lar^e i-ooms, as in public halls, school- bo uses, and l] 
fttres; whereas, if (he supply rej^isters be at the top and exhaust ri 
Vistera at the bottom, no such inconvenience will he felt. No op< ' 
■1 op extracting the proiluctsot respirntion should be allowed H 
■ lhel«vttof ilie bends of the persons occupving tbe room. If 
^ue 111- ignored the fret^h air will not rriifb (be occupHuls, awl-fl 
^^fllilfttion will he for tbem effected. Tiz- I-i' shows what l"" " 
! 'lie result in a. bedroom where the exbausl. renislc 
' "^e the lii.ail of ibu sleeper. The warm-air supvly register b^ 
'! in the floor. \\ \t wmc'to vW c*SCvno Cft<4Vi»>iR»^ 
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,B ; ihey seek their own luvel just as wniilii slratu of liglit biiJ 
^vy liiiiiids. Air dot^s not follow so docilcl}' nnU oliligingly the 
"hs liuu out tor it by the would-be ventilsloi-B, wlien they explain 
ir patent arrangements by little aiTOws meandering about gnalie- 
'd pursuit of & " draught," or heated exhaust flue. It Joes not 
d " direetly to the exliauat register even it the so-calleii 
Jdraugfat " in it be ever so strong. The lower strata only flow out 
Bthese esliaust openings just as tlie lower strBtaofwiiter ina bucket 
irmild flow out of a hole bored in the side near 1 he bottom. We 
must always bear in niin'l that it is not ttie lighter column of air in 
the ehimney pultimj up the ht^avier air in the rootii, but rathor the 
heavy air in ihe room pusliing np thelighter column in the chimney. 
There is no suction «uch as the word ■■ draught " would imply, but 
a dmple uplifting, by the cooler mastea of air outride of the house 
and within the rootn, of the lighter strata or column in the exhauet 
flue. The word " drauglit " is a niifnomer and is reeponsible for 
niiu'li ijf the contusion existing U|)on the subject. With an exhaust 
'ipi-riiii',- pUi^d as shown in Fig. 147, or worse still at the ceiling, 
ivlii'iv Uii'm openiugs are usually put (tlioiigh fortunately they are 
ti'ldi.ui iijn-iativu on account of the want of niotivu power), the sup- 
y ut heoli air might be enormous and yet the sleeper snlTiir from 

)oui is healed by a stove and no trefh air is introduced, 
b stratification of the air is broken up, as shown in Fl^. US, and 
k motion Ijet'onicB more complicated. The currents maybe illus- 
Meil hy healing with electricity, or oilierwise, n piece of meUl at 
■ bollam of a glass box filled with watvr containing some coloring 
bur, nnd throwing thit reHvciioD of the water by means of a iens 
^ CKleium- light upon a screen. 

II »eeui like facts simple and reasonable enough. Why 
a diversity o( opinion regardin<' the loi^nlinn o( vetttAln-tva'^ 
It I* because in ordinary \j\irt'VTO^a ft« ■np.ewiu'ft A "*»» 
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dispoBiil of the produtC? of 
the gas-burnere while the t- 



!plriition i$ oompltcaleU iritli i 
should be kepi entirely iHstinct, rf 




tiirry ofi p l e bu bej 

are netreEsar^. Vi hen the^c openings are plated in the teiliag, tj 
customarj' in litis country, the up[>er pure and warm strata of air. J 
impoveriahedby thcprwluctaofgtiacoinbuBtion, and it ~ 
the only cure is to draw il all off as fast aa it is generated. Tbept 
UL'ta 01 respiration do not rise at once to the ceiling, as do ibwf 
illumination. The breath ia directed donniTar<l8 by the forin of ■ 
nostrils and it becomes so quickly mixed with the surroundiiw 1 
ihni before it has time to rise again to any considerable height it I 
attained the general temperature and follows the general w-oyent 
of the laller, whatever that movement may be, Were tbebeAtd 
impurities of gas uombustioa carried off at their soui\», and Mt-M 
lowed to affect the general atmosphere o( the room, our prObH 
would be at once simplilied. The ftvfh, warm.air at the top of ^ 
room would be kept pure until it descended to tlic level of the i 

KntB, when it would perform its office tind pass off througb 
ust registers below. , 

As a general rule, tliea, the oxbauat opcniagH should be oew ■ 
I floor fur buildiuas heated as is customary at the present day. * 

, . ) this rule may be mentioned the case of Iwir 

[ wbicn the frcsb-uir supply is obtained in winter throug^ '^'^ 
I mndow, and no warm air is introduced. In ilik estee. the Ab.M 
I -enter at a temperature at or near the freezing point. The p * 
I irill then be at the bottom. The breath and exhalations f , . 

e to the ceilina, and nn exhaust register there placs^a 
("be serviceable. It ij well, however, even in such rooms, to k&i^ 
T exhaust opening below, as well as above, for use where 
I dusirable to warm the pure air before its iiifroibietiou, : 
^(ic^ness or ilurlng the day-Ctmc when window venliintion ' 

K exlmu't openings would also be in place at the bottom C 
- - '' system adopted o( supplj-ing air j "' " 
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i by Itot pipes or llmtH behind or bentiuth thi.' waUK hd<1 
lloors. Tlio pure air would thea conBtantly fall below the roBpired 
air, and the movement uf the strata wuulii be the reverse of that non 
obtained. Such a system of heatiug would be the moat agreeable 
and saliibrioiia possiUe; hut heretofore ita costliness has stood in the 
way of its geiieml introduction. The cost being equal, that systcui 
which approaches most nejirly the desideratum mentioned must be 
. accounted best. 

^_ ACCIDBSTAL CRACKS. 

^^k t/niler Premure, however slight, such as that of the air of a fiir- 
^^bcc Hue of little height, air will escape at a thousand minute open- 
^H^a in a room having a number of doors and windows, however 
^"%aK!fully the wood-work be fitted, even it no ejthaust flue be provided. 
The aggregate of all tbuae email openings will furnish an outlet if 
an ample supply be provided under pressure, and where the walla 
are porons the pores themselves will form an outlet. On the other 
"tend, these same minut« openings will, under slight pressure inwards, 
^h as is occasioned by burning a lire in an ordinar,v open fire-plaee 
>re no fresh-air supply flues are provided, uclmit the outer air in 
DtitieB larger than is generally supposed. Mr. L. W. Leeds, in 
Ep excellent book ou veuiuation, well savs : ^' In the good old days 
fcopen wood fires, when, as in onr childhooil, the real chimney- 
was Ovt family sittin^room, so to speak, or at least for the 
1, then, with all tlie listing of doors, calking of windows, and 
2 up of key-holes, there was certain to be an abundance of fresh 
",t will force its way into the room in spile of all effort* to keep 
But with the introduction of anthracite coal, and air-tight 
^e>, and still worse, steam-pipes, placed in a room for heatmg 
f direct radiation, tlie slopping of all draughts. thiH were before 
F annoying, became a matter of easy accomplishment. The re- 
' imltB thereof have been perfectly frightful : persons have thus un- 
eonscimislr l>een smothered to death, by tho thousands and tens 
of Lbousands." 

Ill order to test the influence of a slight pressure in forcing air 
dtrougli the pores and acridental fissures of an ordinary living-room, 
the writer made tho following experiment. A room about five meters 
■qiiHTU and 3.60 meters high, containing five windows on three sides, 
■two doors, and a fire-place, witb walls and ceilings plastered, and 
treot soft iiiae, was taken for experiment, in a city corner house, 
JV being built by the writc-r. A tlue ten meters long, frt>Di a base- 
pt (umaco. furnished the rooms with hut mr. The windows and 
wrv ftral made aa light as posiuble with rubber mouldings. 
tt-plauu was then closed bv drawing the damper and pasting 
iver tliu cracks, Tlie brick back and jambs were oiled to reu- 
ru impervious- All the wood-work wjs thoroughly oiled and 
lUocked. A good &*e was lighted in iJie fnrnace, and the rvgister 
,tO the room, all doora and windiiws being closed and 
d the kev-holcs «t«ppe I ip. The hot air entered aimoatas 
y wJtJi tbe iioors closed a * 
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i applied to llie 
i.ajte f lur onl about five 
ts of o I pa nt had been put 



walls anl eelin"i 

ptir ent On tie Itth. of Marcli, four coats « 

(ID chu iralU and k I n^ Hn J hrte coat* n thu lloi r to ma ler tliera 
\ solu e! mpervious to air The escape of air was dumiushed ol^ 
jbrut t n p r cent 

On the 35tli of Marcli. all the wiudow-saahes were carefully 9 
~ iiineil, 3.aii all viiiible cracks at the joints, at the pnlleys, t 
, L'tf., carefully calked and puttied, and the e~* — ■ 
n a suspiciOQ 
a d'l ■ ■■ 



fasteninipi 



of but twent per cent in tl t. 


e* ft[>e of tlie air, or, in al§ 


u the entnnci nf t r thro cr] 


the egiHter Each expAl 
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words. 

freely 

air, mure than ] f t) r >um, hat 

it through the I I 

NevertI k j | tl t uubI have r 

especiallv aro nil u I a 1 through which the aii . -.„_. 
in this large q antit ndu th '41 ^ht pressure apphed: In ordarji 
render the room umplet 1 aii t i;ht therefore it would beneCQaSSrySi 
furround ll e w n low door n antel Aai baae-lx ard entirely wiu^n 
thick coatiug of fomo abaolutelj iinperui fable anbstance Uke tm-JT 
putty, or to paste orer them lai^e sheets of oil-cloth or paper. T^ 
room would tlien, and tlien only, be htTiin'tically sealed, and the l 
air from the furnace would cease to enter as soon as it reached R 
liinit of compressibility under the pressure applied. 

VENTILATIOS OP GAS-BtJRKEHS. 

Where an orien fire-place is used, the foul-air exhaust is of a_ 
cessity at the bottom of the room. The supply must therefore i 
neceesty be from the top downwards ; tor, as we have ebown, if tt 
air enter cold it would oUiC'rwise pass o& tlirough tlie fire-place O 
ing without ventilnting; the room, and if it enter hot it would risi 
once to the ceiling, wherever the inlet might be located. To serve ■" 
for both, as for summer or winter use, as well a» to avoid discharging 
directly upon the occuj^ls, it must be at the ceiling. To prevent 
contamination of this air by the gaa-biu^erii, it is necessary that Ae 
products of combuBtion should be removed at once upon their gei 
)n ai Ihe leret of Ike burners, by ventilating ducts connoted v 
h burner. It is urged in objection \e this, that the apj 
, tibe ventilating ducte would be unsightly, and that no one 
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'Hoik to lUTp so ('iiinis\' a, cnntrivance in liis lu>iii:e. But tlic gpitce 
(xvupied bj' the venrilniin}; flut's need lie no greater than that ordi- 
narily tnkeu up hi Ihc dci*ignB of gap-fixturpe by moanhi(;Ies9 mtoUs 




» itnriiipi iippliral wjluly for tlie puriiosc of hifreftsing ifto 
't weight ami sue of the pijft &nim\wu\\»%i.v*'»sMKNK. 
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■|iresi-nt ventilating ehandeliere design _.. 
i> are for tlie Adams Nervine Hospital, I 

ing built bv him at SaxatSk 
Plain. Fig. 149 is fi 
dining-roam, having 
globes Rurraiuidina; a. ( 
reflector. A section c 
chandelier \s givvn i: 
isi. A boll is formed c 
the central burner, 
ivliioh ascends the main \ 
tilatiiig llue enclos 
t'lippir pipe. Another 1 
I'lifirtles tbifl, and curies U 
the gas products from t 
eight globe burner*. "' 
branch flues, o 
burner, eonnect this bellw 
the main ventilating 
The branch llues are doobl 
:is protection against hea.. 
The diameter ot the innef 
branch llues ia three centi- 
iLieters each, the outer COT'- 
eriiigtt are four centimeters, 
that of the main flue eight 
cenlimeters. h is imporUUlt 
that the flues should lie Jiut 
large enough to carry off the 
products of gaB-cranbuBtioii, 
and no more : otherwise the 
pure warm air of the room 
will be carried oil irith it and 
wasted. The lower rim of each 
bell is jirovided with a snaU 
gutter to catch the return WA- 
ter of condensation. Figorea 
1^0 and 15S give the parlw 
chandelier, where each bell is separate from the rest. In ws six 
burners are used. Tlie IIucb are of the same size as in the diniiw- 
room chandelier. Both of these designs are kept very simple, m 
accordance with the instniclions of theliuilding-comnuttee. Fig. 193 
gives a somewhat more elaborate design tor a small chandelier with 
two burners and n reflector. This is shown in section in Fig. 1 Si- 
Fig. 155 gives the bell in detail with the condensation gutter. Figs. 
156 and 157 give a view and section of a hall pendant. These designs 
are intended lo be executed in brass, fire-gilt The bells are to have 
.nner lining of sheet-iron, with an air-space between it and the 
brass-work, for the free passag^of cool air, to prevent the brass-work 
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iTivpnltd b_v Faraday in lS4fi. applying tlw ileseending ilraugbtM 
tlie a rgand banner with eliimnev and gloLB. Tha glaxfr-bolderlaa^ 
[(i<-ai-ry a «eoonde|{ 
larger liwOi'i 





SWM 'li-wn bot« 

d two cMuintys, w 

'npes tliroiit;h tin 
linust Hue atta(.'hul 
iJiu iKittom of the 

bolder, Its shown 1 
thearrows. Thaw 
rurm of globe n 
iiauil OYCr the ■ 
or a special form i 
glolje eonstructed fOT 
the purjwsc, with the 
lop doaed, may be 
Hdoptt^d as in the lig- 
H the exhaust- 



howo Jkjm 
rhaiwIH 
emnH 
le WMJU 



tube 



>ld flue. ii 



rvitb H 



beat tJie *»■ 
'iidin^ part in order 
i ]ii-ii.iuct an initial 
■iiujrht, Fii;, IGO rep-' 
"^cnis the same ^.- 



Ittg tho eombustion through four brancLoB nnidnj; into can 

tuSe< connected with the space between the two clumneys. 

"""if these four branch exhauflt-luljcs is ijiveti in Fi». Itil, and 

main e\baiist-;ubG below, whli the envdope snrruiinding 3 
Mil, is given in Fig. 1G2. 
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Tliic Byslem lia« Iwcn itpplie.l in Fr.ii.. ■ ■■ ■<•■ |....:-,i^llr^ of 
ihualrps.' It hasdip advaiilagcof Itsspniii^ il' ■ !■ ■■ i ■ ■ i-^il('h- 
ing tlic (ii^saes of tiie aolurs. ns well a? "i ■ ■■ ■ ■ I'uritj- 

of till- air (it lilt stage, — a eonsideralion nt |:. . iii.iv mii,, ;i m,.,. for 
;ir-ii>i- ,uii] >ingtTs, the products of gRs^oniiiuftinii Lii-iiit; imrtieiiiai"!)' 
uiim iiiri- III ilie throat and lungs. 

A Iiir fiii'ui of vtutilaiing jtas-bumer, now much used in. Eng- 

l:iii<l. i- -Iiuwninyig. IfiS. Tlie air enters helowtbe^lobe, and paBt«a 
oiH mUiu' iiiul also ut tJu! ceiliug- This uxliaiist at the ceiling slioii Id 
Im olosisi fur the reasons already given, only the lower opening being 
used. Fig, 1C4 f^ves an arningemenl tor supulyiiig fredi air t« the 
in addition to the offices ])prtornied Lj- tliL- li.tture reprvsenled 
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Angther form, represented in Fig. 169, he has designed 'I 
vsod in & private dwelling-house, now uearly completed, on 
mouth Street, Bostcin. Id tliia, b, glass globe is nsetl over the b._ 
nnd the hood is brought down to the globe, and Tnny be bent d 

n contact with it. or it may he ali^^litly raided bo ufl 
leave a very small space above the globe for Uie admission of dP 
The effect of thie arrangement is <[idte pleasing. The surface of ■ 
g'obe mav be ground, cut, or colored to represent the petals 
inging tlower, the ventilating tube beiug tlie stem. The gas in 
- '* lighted by electricity. Still another and simpler fona 1» ' 
given in Fig. ITO. This he adopted to tentilat<- a numtier of batb 
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and toilet rooms, in a house built in Salim in lK7't 

squnre glass box, Fig. 1 71. connecleil with tlie main ventilMing i 

■ 1. .^ ^ ventilated, and holding the burner. The « 

;s entirely from tlie lower opening. To 
flickering, the box must be brought forward in such a nuuHHa 
'' e current of air passes by without striking the flame. 

■' The existence of sulphiu' compounds in burning gfts la t 

Lr^retted as a nearly unavoidable evil ; the only remedy seenwl 

e iBscharge of the productE of combustion through chimai^ 

(Lincoln.) 

wlinir X" E. 8, Wood, "The sulpliurous and sidpl 

■Jlicli arc jn'oduced. in banivn^ loa^- mrsrae is?aEM», * ' 
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"Wheri larKB irnantitk" of impure gus 
a ra] 1 lem-ocl on f I \tili; fabn s w th a 



„ . J' 

II Uiiit tbi. 1 1 hIuii uI luuibuotiiu U |(it> uit. bi^bly 
injurilJU!). HDil ?cimetimi?9 fatal, to flowers and plants. Tlie»« rapidly 
fstle in emwded ball-nxini?, and plants growing in onr honsea for 
ornainenl become sickly and feeble where they are uot protected 
trom the comii'ive ititiucnce of the acid gapes, 

" Nearly all of the swlphiLr is converted into sulphuric acid, which 
is S, V3|i(ir readily condensed on the walla and other objects contHined 
in n roiiiii. (ian iioi uiifreciuently contains 30 grains of Milphiir per 
li^'i ■ ill' ii I :, ■■. 1 !■ Ii ill Imrninn gives rise to SIO grains of sulphuric 
;i'i I I ■■■ .Hiiount which would be produced by five four- 

l-»'- ■ !■ . ■ liM'huurs." (Lincoln.) 

K :: ■ - !. ■ nil- .iiid ^nlpliiiric ticidgasee,we haTe thedruaded 
i-i!"ii' ■ ■..'•■ J I- ■■liii-li '-inin's iuto the roominconsiderablo iiuan- 
■;';.-( r.ii ^1 • 1 ■■' i !■ ; . .■ i- pardy buvm. Thia often happens 

Hit l,ii.iii,i> i.,i--\"..rril,.,.ii (Fig*. 158-161) is said to be open to 
[ill; iil..jt'tinn. ili.it Uj'.' ilr.uii^lir i> ti!ib!e to be irrenular and the ubim- 
ney Ui beeoiiie iilaekfueil with suiokc. Though with careful constnic- 
Uon and niana^ment tmth of ihc^' objections might be obviated, 
yet where the diance of tiui^ is ip-eai, nilicr forms should be wlopted. 
For the footlights of theatres a veiifiluror constructed ns in Figs. 172 
10 176 might be practicable. 
In this the fooudght-screen 
and ventiliitor are couiliiiicd, 
172 gives a side view of 

f dericci and Fig. 173 a 

b cases a secdon of the 
i-i' uti latin g- 
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r us seen fruiti ihu stn^e, an<l Fig. 1*3 as »tt.'i. 

In both cases a vide view of tbe main tluo U 

AborlKOntAl section is shown in Fig. 178. The main fluo 

nf course. Iv large enough to carry oft the prulucta of com- 

ID fnim thf entire circuit of tights, Eadi braucb-veniilHtor 

' be ipiile iiiialli — only enough, and no wivv. d\A\v cwiw^\,w> 
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servi* tor its own Imriier. A gas-jet burning in the perpendicular 
portion of the main tine would create sulHcient initiatory draught 
thcMvin. and should be lijrhted with or before the footlights. 

The fati«j:ue exi)erienced at and after a late evening party is largelv 
due to the ini})urity of the air of the ball-room. A dozen unrenti- 
lated <xas-burners exhaust the atmosphere as much as would forty or 
fifty jriu'sts. The result is general discomfort and often evident pe^ 
manent injury to the health. Were the host aware of the extent to 
which the enjoyment of his entertainment — not to say the health of 
his ;;uests — is impaired by these causes, which a fractional i)art of 
the <M»st of the feast could have removed, he would have provided pure 
air fni' the lunirs of his friends, even if to do so it had been necessary 
for him t<» buy sim})ler food for their stomachs and reduce his band 
of fiddlers. Tlu* ImmIv is covered with little vent-tubes, manv hun- 
dreds in every s(|uare inch, called pers])ii"ation-tubes, for the escape of 
vapor and fatty matter from the skin. This vapor arises constantly 
from all })arts of the body, carrying with it the decayed organic 
mattei" thrown oil in larixe ouantities every day from the pores, and 
miuirles with the breath, itsiAf loaded with the impurities which it is 
its verN- of lice to remove from the blood. What if, instead of coin- 
l)ellin«r our truests to fee«l their lungs upon these exhalations from the 
skin and nostrils of their friends. ])oth healthv and diseased, wliile 
thev were allowed fresh viands for eatinir. we should reverse the treat- 
ment and compel them to eat in rotatitni one and the same dish, each 
devourinir the morsels that another had masticated and returned 
airain for the eniovment of the rest I The idea is to us dis^xustinl^ 
Hilt wt* uccmI to ])e disirusted to induce us to improve our condition, 
and tlu* idi^a would hardly appear more revolting to us than that of 
(;on>inninir tlii' fu'tid breath of our neigh])ors, had not habit rendered 
us peculiarly callous to the latter. Yet how delicate the structure of 
our liui^s, and how careful should be our treatment of them! The 
extent of the respii'atorv surface in the lungs of an average adult 
is calculati'd by Lieljcrkiihn ^ at fourteen hundred scpiare feet, and 
the number of air-cells of which it is composed is estimated by some 
at six hundred millions. TluMjugh this wonderfully comjdex struct- 
ure the air of our crowded ball-rooms is ])iunped twenty times a min- 
ute, londcd with its dust and im})urities, although it is here that the. 
ldo(.d should he aerated f(^r ])uriiication ! " There are," says Leeds, 
••on an avi^raixe. al)out seventy-two pulsations of the heart everv 
uiiuutc. and twtt ounces of blood are passed thnnigh the lungs at 
each pulsation, or from sixtv-five to seventv gallons everv hour, and 
from fortv to >ixtv barrels iter dav. . . . We thus see the verv lar^e 
auKMint^i of hlo(»d and air that circulate through the lungs, and can 
(sisily imairine of how much greater importance the proper supjdv of 
air is to tin* mahitenance of good health than the supply of food," l)e- 
causc. while we eat less than two pounds dailv, we breathe fifteen 
times that amount, or al)out thirty pounds." Fifty barrels of blood 
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rcejil thi-oiigh ibe hundreds of millionB of air-cells of the lunws 
for the purpose oi (ibtainin" the purification of freali air. Yet we sire 
it foul. An atmcisphere iorly miles in height has been providtil 
bv Nature, to cnstiro us an ample supply for tliis bloud purificatiou, 
aid at the same time we have been provided with a hreatliing »[■- 
paratUB evidently designed to prevent inhalation i>f the same breath 
twice. Tet we diut our friends np for entertainment in boxes so ai-- 
ranged tliat it is impossible for them to obtain a single breath of air 
tb.H hiis nut been breathed over and over again, perhaps a hundred 
linii- :ind liv a hundred different persons. The impurities ot the 

III i li;ivc then to i>e carried hack again from the lung* to all parts 

(il tlic SI -iiiiin, and diseaaes of all forms follow. When the deucate 
air-celU Injcome choked, consnmption begins. Unfortunately we clo 
not always observe in crowded rooms ijte graihial deterioration of 
tlie atmoqlhere, because the senses become lienumbed and accustomed 
to it i hut enter suddenly from the outer air, and the foulness appears 

In tlie room described as allowing two cubic meters ot air to pasa 
by way of invisible cracks, there were live windows having north, 
south, and west exposure, and two doors, to say nothinc of a fire- 
pLaoc nnd tlu-ee other openings for gas-ventilation, etc. When the 
experiments were made, all the furnace registers throughout the 
hoitiie were shut excepting flie one in this room, so that the maximum 
c^ bot-ur pressure mi^ht l>c obt^ned at this point. The amount of 
air forced through the chamber was, nevertheless, only 1.6 cubie 
meters per winulu. Were the number of openings reiluced one-half, 
leaving a numlier more usually found in rooms of the size of this, the 
rentUatios under the same pressure would have been 0.75 cubic 
meter, — harflly sufficient for one person. Had there been but two 
openings, say one window and one door, a condition not infre- 
qoenli we sliould have had only alxiut O.i meter of fresh air per miu- 
Mle, and the air of the room would very soon become foul, even with- 
out tlie consnmption of gas and under the pressure of the hot-nir 
columiu Were the pressure removed the air of the room would have 
lieen nearly stagnant. 

In heating and ventilating a room, provision should be made for 
the maximum number of person* it is likely al any lime to contain, 
and tor each burner contained in it, supposing all to ba in use. 
A parlor, for instance, in which an entertainment for fifty guests is 
provided, and ten unventilateci gas-burners, are used, should Lave 
loul-air exhaust openings and fresb-air supply sufficient lo chftntre 
tin- air iit. (he rate of one hundred cubic meters a minute, or, if the 

,. ■ , I . iire ventilaieii. at the rate of fifty cubic meters per min- 
ii.1 thai the room is connected with others efiually filled 
■ nnd burners. Supposing we allow the air lo travel 

openings at the rate of one hundred meters a minute. 

iMu-i tiir, iiiiigi', both exhaust and supply, should each be at least it 
iii«ier sijuLire in the ag»regBte, and the nrrangements for changing 
iho lur shoidd be guch that tlie nit is uclxmllii Mii issift. xwbsiJw 
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apparentltf cliaii);ed at \he rate established, and this without 
liinary expense or iucuaveuience- There are few rooms U> be found 
with even an approximation to anch ventilation, It is neverthel" 
possible, and the mnnner in whieh it has been accompliahed by iJu 
■'.er -will next be dta<jribcd. 



fme ^ 




I 



Fig. 179 gives a plan of the parlor door of 

atMjut seven meters square and four meters lugb, lat^ enough 

it twenty-five guests comfortably. In it there are ten gas-burners. 
These were onwillindy left unventUaled, because of associations 
attaching to the chandeliers long used by the family. Provision has 
iLerefore been made for changing the air on speciEd occasiona at the 

e of sixty-five cubic meters per minute througli exhaust open! 
placed both at the ceiling and at the tloor. The use of the r 
lated gas-burners is a serious blemish in ^e sysl 
employed. Bnt as this unfortunately is a condition at 
ally encountered by the sanitarian, who woidd find 
iriUing to alter their fixtures for the sake of pure air, it 
a know the best way to meet it. 

The plan of the fiie-place in this room is shown ii „ - -;_ 

back is constructed of a slab of soapstone, faced on the room fJ^BH 
with ornamental ungiaaed tiles. The sides are built of fire-brick, 
faced with glazed tiles, which reflect the light and heat of the flames 
and add to the effect of the fire. Behind the back and sides of the 
fire-place is a fresh-air apace into which pure air is admitted diret'tlv 
from the outside through a register opening from the open vestibufe 
as shown in Figs. ! T8 and 183, the latter being the front elevation td. 
the house. The register is placed a meter up from the floor of die 
vestibule, which is tiled up to the celUng and open to the outer air, 
the front door bein^ further in. Thepurityof the fresh air at all times 
is thus ensured. Its supply is regulated by a simple valve near the 
register, operated from the parlor by a cord at the right-hand side 
of the chimney-breast. The valve is nothing more than a plate of 
^inch iron, which is lifted wlien the cord is pulled from wiliia 
and opens the register, closing it again wholly or partially when tT*^" 
cord is released. 

The fresh air is first moderately warmed by coming in contact W 
the heated ha«k and sides of tne fire-place, and then 
large fresh-air uHambcr above the mantel and behind the dbimnc 
breast, represented in section in Figs. 184 and 185. Here it :" "■ 
the hot walls of an enlargement of the smoke-flue, similar i ^ 
,1096 to that described by Peclet (Fig. 125], though different in i 
torm, and principle of constniction. After having been furtl 
warmed by contact with this furnace-attachment or heatnliiitribti 
nolce-flue, it enters the room through an ornamental C 



^M ISO 

^^H be all(. 

^H in the 

^^H breoBt 



Thh Open Fire-Place. 

the ohimnuy-hriiaBt, near the ceiling (Fig. 181), opJt^ 
be allowed to pass into the second-story room above, through, a t3 
in the ceiling of the fresh-air chamber, shown at the t^p of Fi^. Ifl 
operated by a cord arid tassel nt the left-hand side of the clumr'" 
breoBt. The furnace or diati-ibutor is in this case made of c 
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On die other liauJ, if thu clay is not of [he praper kind mid 

bnbnl, a siron^ itame may iiuickly crnck it wfieti it is n\r- 

with cold air, Fig. 186 eivcs this distribuWr in iwrspective, 

Mvhat modified in foi'ni, to auuw anotlier way of arraugmg Uie 

Tbii name "distributor" is given it, in iireference to 

," as expressing more accurately its otiiee: die heat is not 

(1 from it tjy radiation, except in it sliglit dogree, hut by con- 

9n, and '"convBctor" would therefore oe a more appropriatu 

But any hot flue would in this senae \n & heat " coaTector " 

U M this. Its mo^ characteristic function is to break up and 

i] oat the current of smoke, and dUtrihule ita heat over a large 

ce, tlut it may be more readily token up by thefresh airbrougSt 

itact iherenith. 

£ movement of the smoke and of tlio fresh air are clearly tf pr»- 

tl in the sections by arrows. By referring to Fig. 144 at the 

}, it will be seen that tile general principle of cii'cu- 

is somewhat similar in the two devices. The colunm of mioke 

lultdivided and Ijrought efficiently in contaj't with a large heating- 



, witiioHt i>ri(;oHnt«ring snfficiunt resiaiam-e daiigeroualv to 
ptnict Its piijisase. Tim fresh i^ strikes almost every part ol the 
Wing-surface, without in its turn enconnlering serious rerislauee. 
■ referrma airain to the Chilson furnace (Fig. 134), wc see how the 
iifctrihuted equallv imons the nx upright flues by a con- 
tl e%e tl UB at tht top. To avoid the danger of dogging 
u well as tl e loss of heatiu^^rfai'e that would Iw iovolved 
tinn f he fines tl e principle of an i ' ' " " 
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ttin if tliSs conlaet look place 
icall.v. an opening in the fresli-air 
cliamlwr GDcloong the heater was 
made in such a manner tliat the 
movement of tlje ooirent of air 
coidil be seen by th<j aiil of a little 
Biuofce jmxud willi it. The air was 
found to eirciilate about the pipes 
exactly aa expected, and ae inUi- 
eated hy the arrows. The conneet- 
iiig pijice sliould never be placed 
liorizontiillv iinlcBs the dvaudit 
in tJic cliimney is powerful, but 
cither at an inclination or [lerpcii- 
dicularly, as in Fig. 187, beeaiiEL- 
in tliese poeitions very little <■)•- 
etruvtion is ofTervd to the jiassage 
of the smoke. T/ie dampers shoul'/ 
alwai/g tie jilaceii at far fnim Iht 
throat of the Jirt^act an possilile, 
in order to give the smoke oppor- 
tunity to rise as tar as possible 
And ^11 the pipes before meeting 
with the least obstruction, '"'« ' "" 

If tliese precautiong be observed, sucli a distributor may \)v used in 
the same fine at each story of a building of any number of storie». 
witliout destroying tlie draught, for the slight obstruction occasioned 
by each distributor is more than offset by the improvement of the 
draught made by each additional story nd^ed in the height of the 
chimney. 

In llie chimney of the fire-place in question only two distributors 
were require<l. These appear tfl have no injurious effect whatever 
upon the draught, although flat dampers are used in tliem instvad 
of the cone-shaped ones recommended and shown in the drawing. 

The fresli warm air having entered the room as described, at the 
ceiling, descends as it cools, and gives place to that which follows. 
nntil it reaches the tire-place opening below, through which it 
finallv escapes. In tins way, for every-day use, tlic draught of (lie 
flre-place is supplied entirely with fresh air previously wormed 
t^ainat the emoke-Hue, and the amount of air clianged is, on these 
occaaions, dependent upon the size of the smoke-flue, the itdet regis- 
ters being .as large as desired. For special occasions, however, when 
" is full, and a much greater change of air is neededi the 

I we caused to act in a manner (luitc different. The cold- 
register at the back of the fire-place is ciosed. The damp- 
e'toftof tlie fresh-air chamber (Fig. 184, lop) is opened, and 
~ — supply register at the top of the room tiecomes a, foul- 
ue to assist the fire-place smoke-flue in carrying off the 
y of heat nnd foul air a^nerdtei Xw l.\w 'gw\\>§A-'i *»*. 
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^^H gueslB, to the correspandin^ chaiubers abovei Thence it eBWL.-^ 

^^1 large exhauet^llite profideil for it Ht tlie top of the house ftnS^ 

^^M removed. Fig. 137 shows the chunncy-atack with this eshaust' 

^H ut the top. Tiiis systeio may tie adopted always I 
^H Where the rooms above are, as is custoniarvi used for cloak-n 




1,1 ...^K..u^-.wuu<a u.— iu^ tv,i enter tain menti the open fire-places i 
them may 00 made to as^ in tlie ventilation of the occupied r 
below as follows : The registers in the chimoey-breasts at tfas '. . 
of these rooms are left open. That part of the foul air %*Iiich dOf 
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Ittpe thiMHgh tlie damper iit the top of the air-cliainber con- 
; Ilie iliBtribulor enl^rs the room through these regiiiter^. soil 
Icil off through the open fire-placea, just aa does the fresh air 
room below. At the close of the entertainment theee rooinf) 
thoroughly aired by opening tJie windows. Sueh use of the 
woniB is, of course, not to be reconimended ; but where for 
of economy the exhaust-flue at the top of the house is 
recourse may be had to tliia method. The removal of 
air being thus providetl for, the fresh air is supplied on festitl 
I as follows : Open fires on iheae occasions in the occupied 
e not often used. Their heat would be too uneveuly distrib- 
would prove insupportable to those nearest them. Move- 
a comparatively small amount of artilicifll heat is requu'ed. 
est is an open fire-place to the re»t, generating about us 
at as an ordinary candle. Each gas-burner forms another 
fire, and radiates its heat in every direction. All that is nec<js- 
is lo take the cliill off of the large volume of fresh air intro- 
so thai, with ample ventilation, do unpleasant draughts are 
For tliis purpose a small furnace, wlti a very large fresii- 
E, is placed in the basement. It stands in this case under the 
', and tlie fresh air is taken directly from the open vestibule 
1^ large cut brass registers, similar to that already described 
" open fire-place. Tldn cut brass is used in preference to the 
~ ~ enamelled iron, because it does not show the dust as this does, 
large as is reijuired and slightly warmed in thus 
ibuted over the ground Hoor occuuied by the guests. The doors 
of the entertainment rooms are usually left open so that if desired 
the supply of fresh air comes from the entire house (excejiting those 
roaras wh'ich receive and serve as passages for the fonl air and are 
therefore closed oJf), instead of from a single register, though the lat- 
ter should be large enough to do the work for each rooiu alone. 
Should then the weather be moderate, the windows in the upper 
stories may be opened wide, or, if it be cold, partially opened, and the 
general temperature of the house lowered as the heat below increases, 
or regulated at pleasure. No window in the entertainmenl-rooms 
ne^ ever be raised as is now customary generally at supper-time, 
much to the Rnnoyani;c and distress of many of tlie gueste. 
I I What now is tlie motive power, which, when the fire-place is not 
■H^iue, produces in the exhaust-flues a draught of the required vuloc- 
^^Hk—. powerful, reliable, steady and yet easily controllcdr 
^^^^t 0116 end of the house this motive power is furnished by the fur- 
^HKee fmok^flue when a furnace is used, or by a gas-jct in the nir- 
^^Rmnber when it is not; at the other end, by the range amoke-flue, 
which, if desirable, may be aided by a gas-jet in tlie fresh-air 
chamber. 
In Figs. 191 and 187, tlie sheet-iron furnace-ilue will be seou at the 
of the distributor. 1'he iron is one millimeter thick and 
np to the ceiling of the third story. The flue at this point 
"Ml ordinary eieht-iuch by tw^lve-invh (,M bv S<1 <;to.> tisvtt 
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flue. The parlor fire-place flue and distributors are also constructed 
of heavy sheet-iron pipe 1 mm. thick and 25 cm. (10 inches) in diam- 
eter, but the iron ascends only to the ceiling of the third story, where, 
like the furnace-flue, it enters a brick flue (in this case 80 cm. square). 

No iron flue should ever run to the top of a chimney, for two 
reasons ; first, because of the condensation of the water of combus- 
tion, which rcciuires an absorbent material, like brickwork, to take it 
up before it falls back into the pipe to rust it and make a disagree- 
able dripping sound ; and, second, because of the unnecessary expense 
of so doing. 

This iron furnace-flue, coming in close contact with the fire-place 
flue, heats it to such an extent that a powerful ventilating draught is 
maintained in the latter at all times. The furnace-flue also heats the 
air in the fresh-air chamber, and produces another powerful venti- 
lating draught through the upper register. The velocity at this 
point may also be increased almost without limit by a lighted gas-jet 
placed just under the damper oi)ening from the top of the air-chamber 
into the space al)ove (Fig. 184, top, gas-jet represented by asterisk). 
This jras is li<jhted and extinjjuishcd in the writer's house bv elec- 

ceo 1 

trical aj)paratus, — the safest, most economical and most convenient 
method ; \mt where electricity is not used, the gas may be lighted 
with a match or gas-torch, through the brass register at the top of 
the ruoni. 

These two oj>enings then — the register above and the fire-place 
fimoke-flue below — are capable, combined, of carrying off the foul 
air of the parlor at the rate of sixty or seventy cubic meters a 
minute, without inconvenience to a single guest. By enlarging the 
rejristers and flues, anv desired increase of ventilation mijiijht have 
])eon provided for at Init slightly increased cost. Experiments made 
in the same air-chamber and under similar conditions on two distrib- 
utors of the same size, one made of terra-cotta and one of iron, 
showed the y'nAA of heat j)er hour to be consideral)ly greater for the 
iron than for the terra-cotta. Xevertheless, the latter raised the air 
t(» as high a teini)erature as was desirable, and, in consideration of 
its irrcater durability, may in some cases ])e })referred to the latter. 
It is particularlv to be reconunended in the lower storv, when other 
distributors are used in the same smoke-flue in the stories above. If 
ti*rra-in)tta be used on the first story, iron should be used on the 
second, and, if the first cost were not too great, copper would be the 
bust material f^)r the third, as being the best heat-conductor, and 
therefore best able to draw from the smoke the remainder of its heat. 
Copper also is better able to stand moisture than iron, but is sooner 
destruve<l ])v jrreat heat. AH thiniis considered, stout sheet-iron is 
much the best material for our purpose, since our object is generally 
to extract from the smoke the maximum amount of heat at the least 
cost and in the smallest space. The cost of manufacture in terra- 
cotta is greater than in iron when the number required is small, but 
less when it is large. 

The form of the iron distxiAmtox vs ^^w vcv ¥\«?.. V^^ and 189. 
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■pipes are all perpi-ndiciilar. Five of these pipes are 
(six inclies) in diaiueter, and stand 10 cm. (four inches) apart 
fnxa eacL olber; a sixlli is 25 cm. in diametisi'. But all the npnglit 
pijWB might be &t large as die largest (increasing the dampers in 
propnrticiD), and tlie heating surface woiiIJ be so mueh greater. It 
IS found most economical tu uialie tlie upper and lower horLeontal 
iiipes rectiingtdar in section and the connectiug-[)ipes circnlari 
bonnd jupes are che.ipci' than square, but the upper and lower 





pipes ai-o niade «piare to simplify the connection and facilitate the 
rioting. The perpendii.'ular piped require no clean-out holes wbon 
inoiis used, becouiw a smart rap on the pipe is suffleknt to cause the 
1 »oot to fall to the bottom. The upper horizontal pipe bos a 
1 deanout hole in the centre of the accessible side. The hole 
an ordinary tight^fittlng sheet-iron eovei". 

k these distributors aj-e uied in a snioke^ue, their size of 

'. depends upon the amount of sTailable spaci) beiiind the 
^nejMiraMt. In general, no incretiee in the »ue of tlie In-east 
■■ A ■wJjai 19 cuiiioinnry is nucesaary. lodift te^ct ?t«rte» ""Waw 
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fire-places are most used, and where the distributor is most desirable, 
only a single smoke-flue is usually to be found behind the cliimney- 
breast in addition to that of the fire-place in question, namely, the 
furnace-flue at one end of the house and the range-flue at the other. 
Nevertheless, on these stories chimney-breasts are usually boxed out 
to a width of two or more meters to give them an a^eeable projwr- 
tion, and to allow room for the mantelpiece and shelf, so that a space 
of one or two meters in width is generally utterly wasted. The dis- 
tributor is built to iust occupy this waste space; though if more room 
is desired, its width can usually be increased without injurv to the 
appearance of the room. The projection of the breast into tte room 
is not increased over what is customary. In order to permit of ready 
access to, or of complete removal or, the distributor at any time 
without injury to the surroundings or to itself, an opening is left in 
the front or side of the chimney-breast sufficiently large to allow of 
its removal and replacement in a single piece; the masonry above 
being supported by a brick arch, corbel, iron beam (as shown in Fig. 
189), or by a heavy piece of flagging which may serve at the same 
time for the hearth of the fire-place above. The use of the flagging 
has the advantage of doing away with the need of the trimmer-arch 
and its header, and of leaving room for the safe passage of the venti- 
lating j)ipe of the gas-chandeliers, the thickness oi the flagging retjuir- 
ing seldom to be as great as the depth of the joists. The joists, 
usually mortised into the header, may be hung with irons to the outer 
edge of the flagging, which may be strengthened if desired, where 
the span is great, by an iron beam. In consideration of this advan- 
tage of allowin'j; safe passage for gas-ventilators, and of dispensing 
with the In-ick trinuner-arch, and of the saving of tiles, face-brick, or 
marble, wlu'retlie smoothed surface of the flagging is allowed to serve 
as the hearth for the fire-j)lace above, the use of flagging does not 
necessarily add to the expense of the building, provided the plans 
are carefully and understandingly drawn before the work is begun. 
These openings in the masonry of the chimney-breast are then covered 
by hinged panels, which may be made as ornamental as circumstances 
and the skill of the architect will allow. The backs of the panels 
should, of course, be tinned, with proi)er air-space behind the tinning 
to avoid injury from heat radiation. With these precautions this 
arrangement of the smoke-flue renders it as much safer than the 
ordinary line, as a double flue is safer than a single one, and justifies 
lowering the rates of insurance on houses containing them. "When 
the side instead of the front of the chimney-breast contains the door, 
its decoration l)ecomes, of course, comparatively unimportant, merely 
a moulding being retjuired to cover the j<nnts of the hinged panel. 
Rut openinixs of the recjuisite size are rarely practicable at the side, 
for the reason that the pr(»jcction of the chimney-breast is insufficient, 
the llues usually retreating into the main wall. 

Instead of the conical dampers shown in Fig. 188, when the draught 

is ^^ood, a simj)le sheet of iron of nearly the length and width of the 

horizontal pipv and containmg a seri^^ oi \io\.vi?> ^\xl vcl vt eorresyond- 
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' iRe to Uie llues below, may \n [ilacetl o 
rJglit \A\wi to rewiliiie ihe passage of 
Uk damper ov^ tUe perpendicular flues regulntea the mnoiint of o|iei 
in" In tach. 

in Fig. 181, the fire-place opening is shown closed with doora of 
BORpstone decorated widi incised carving. The writer has not, how- 
ever, tried these door!) on account of Uie difficulty of eaustructing 
tbein. They form no necessary part of the a,pparatus, and are 
c^ered merely as gugaistions. TTiey are here divided into three 
panels ; the lower two Blide to the riabt and left in slots shown in Fig. 
ISS. The upper panel rites like a window-sash, and when open takes 
the pOEilJon shown in Fig. 189. It is hung by ckuns running 
over puUei'fi and balanced bv weights, after the principle of the 
■' LhomontI " blower shown in tigs, 60, 61, 62, 83, and others. The 
object of this arrangement of doors is twofold. It allows the fire 
cither to be enclosed at night for safety by sliutting all three doors. 
t)t it allows it to be increaeed in activity by opening the lower two 
doora and using the upper one after the manner of the " Lhomoud " 
blower. These doors are desired to be made of soapstone in order 
to render them more air-tight tlian is possible with metal undw 
great changes of temperature. The edpes are tungued and grooved lo 
fit nicely into each otlier when closed. Elastic strips of thin brass niight 
be fastened to the facings to increase the tightness by bearing agtwnst 
the soapstone doors, but it is not probable that the advantage 
thereby gained would justify the extra outlay, inasmuch as even wiui 
them a' sufficient d^reo of tightness could not probably be attained 
to ftrrest combustbn and keep the cinders alive over night. Were 
this pof sible these dampers would be of the greatest value. As it is, 
their chief object is security against fire. 

In Fig. 100 we have the same device in another form. The 
panels are in this case made of mica-slate set in a sculptured soait- 
eton« frame. The niiea-slate beiiomes blackened by smoke in the 
course of lime, but it may be readily cleaned or replaced by new. 
The dfett of the fire behind them is very pleasing. The drawing is 
taken from the writer's dining-room, except that the soapstone blowers 
lisve not been constructed. Inasmuch as the dining-room fire-place 
is rarely used, the smoke-Ilue is left simiile. The lower part is, how- 
evOT, made of lerra-cotta drain-pipe, wliicb passes through the mt- 
cbamber in a straight line to the door of tlie room above, and then 
«Dtvrs an ordinary brick tliie. It thus forms a Gallon flue. The 
free spa^'e in the chimney-breast by the side of this flue is occujiied 
bran iron distributor tike that shown in Figs. ISS and IS9, connected 
B BiQoke-fiue of the kitchen range lielow. In tlte cJiaiuber 
e, the same flue posses through another similar iron distributor, 
Lt a Ittrge enoiigli proportion of the range heat is saved to heat 
■ ""late both rooms without injury to the dniught. 

be sometimes convenient to draw the fresh air from tlie 
i uistead of from theoutsidei when small fires are burned 
fcplace at irregular inietvaVe tiTiA vnsoSvcvcviV \iiiM^V ^vrost- 
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ated in the distributor U.< raise Uit Wmjiernture of t!ie outtir air to the 
required degree. But thia sliould only be done when the fire-place 
draught is supplied from the wami-uir liuea of a furnace. Where no 
furnace is in use in the house the air taken aero»s the distributor 
should always be drawn from the outetde. It will otherwiBe come 
into the house nnwarmed throuo;h chance cracfca, and the result will 
be that exactly that amount of heat which it could otherwise have 
abstracted from tJie distributor will be lost. 

The hinged panel in the chimney-breagt of Fig. 1 ill) is decorated 
with an oil painting and jtratected on the back by tinning. The entir* 



V 




wooden front of the chimney-breast in this case can be made 1j 
take down, by removing the four large screws or bolts at the r „1 
and left corners of the mantel-ahelf and under the brass warm- ai 
registers at the top. Ou the right and left are two sideboardsi hi 
connection with one of which, the lower square pipe of the distrib- 
utor serves as a plate-warmer. Where two fire-places built over 
each other in the same stack are both likely to be used, but seldom st 
the same time, the same distributor may be connected with both t* 
their smoke-flues in the manner shown in longitudinal section in Fi|' 
191. When one of the fires is iu use, it is only neceseary to clffl 
the damper in the throat of the other. But both fire-places I * 
used at once, because they have separate flues above tiie distr 
One of the flues way be the range^ue, and the Fig. 191 giv 
distributor actually designed for the fire-place and range (tht 
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' horbtoutal section of the Ji.-rriliiitor 
nnd of the liineed and movable pAD- 
icK wall U vaulted be- 
Ihe fresb-fiir sjiat'e for tlie pre»- 



iC}OQoodT 



n uf [li 



iiiUtitidd heat. 



: back of ihe hiiiije 



,s to briog ilio tiii-worlt i.'losu i 



.pentlit'iilnr piiios of the tlistribiitop, just abovi' tliu Ic..^, „„,,- 
pipe. The ubject of this la to direct the vUvi\^ t-axxiKa.'L. <A 
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fresh air agaiDel and belwevn tlii'su upright pipes, lialf a 

case of tlie apparatus depends upon llie cwa taken in setti 

the fresh air almll be forced to strike every part of the b 

face. To prevent loas of heat by tlie raiiiation of tho pipeal^. 

each other, tliin strips of sheet-iron should be placed between tli^ 

This greatJj' iuureasee tlii> heating-i^iirfatt. f 

Bj referring tu the historical diviaion of our subject, we sbaH. M 
that the peculiarities and iidvaotages of many of the ventilaliDg SxL 
places and hot-air furnaces deseribi:d have been brought toget£ac j 
a, single apparatus. 

Tm: principle of the sloping jambs of Gauger and Bumford (Fi 
S6) has been respected in the form of tlie fire-place itself. '£' 

fteah-air aupply of Savot and Gauger at the back (Figg. 29, SO, a 

34) is represented in the lower register belund the fire-place. H* 
two-way valve (Fig. SB) may be used to regulate tlie admiasion of tJle 
fresh air from the outside, or from the room itself. The caliducts Or 
meanders of Savot and Gau^r (Fi&^ 37) are reproduced in a simpler 
form in llie " distributor " pipes. The contracted throat of the fire- 
pince, the bevelled back and its rounded upper edge, and the aon- 
eonducting, heat-radiating Unin^s of Bumford are found ill tlie form 
and material (KoapKtone and tue) of our fire-place; the "soufllet" 
of Lhoniond (Fig. 60) is given in the soapstone blower. Tho u 
able grate of BronKUC (Fii^s. 62 and 63} is or may be retainet]- 
the inverted smoke-flue of Desarnod (Fig. 65) aiidMontaIembert(] 
AG), of Douglas Gallon (Figs. 67 and G8), of Desoroizilies (Fig. G9), 3 
Fei:let (Figs. 70, 71, and 72), we have substituted tlie simple con'"^ 

damper in the upright flues, and obtained results equally good w 

out danger of smoke or closing. The advantages of the Taj-IgL 
fire-place (Fig. 73) are retained in the use of terrarcotta, while t3 
disadvantages are avoided hj placing it where it can easi^ " 
reached for oleanine or repair. The further improvements of I 
(Fig. 75), Fondet (Figs. 84 and 85), Cordier (K^s. 86 and 87), a; 
others, in the use of a direct smoke-flue with circulating fresh-air ci 
rent, have been adopted in the upright pipes and meaadeiiog im 
priss^e, and in the manner in which the fresh air is broc^ts 
contact with the distributor by the sides of the air-chamber and 
tin linings. The principle shown in Figs. 80, 81, 82, and in 
fire-places of Joly and Galton (Figs. 100, 101, and 103), of the ii 
of heating-surface by the use of iron plates intercepting c 
ducting radiant heat, has been followed in the use of the iron 
placed between the upright radiating pipes. The prindple of pUe- 
ing the heating-surface above the mantel, and of increasing it 1^ 
extending tlie smoke-fiue at this point (Fig. 125), is derdoped and 
carried to its utmost Umits in the form and duplication of tiie di»- 
tributor. The principle explained in connectiou with Fig. 126, by 
which all the heat of the smoke may beobtained without destroyingihe 
draught, is employed to advant^e. Finallv, the extended heating 
surface of a basement furnace is emtdated, T^e simplicity of the &t 
irMageu drum furnace (Fig. 132), the durability and tightn 



oT tlie soauslooe (^'ig' lUJ aid terra-cutlB furiiaoes. (i'ig- 143), tlie 

inci'cased hoAlitig sunnce oblained by the u^e of t^ejiurutc jiipee (Fig^- 

133) 134, 140, 141, and U2), ore 

sought' Tlie distribution of ihe 

smokt; is accompliiihed with the 

uunimuiu oF friction and coat, and 

witlial, the artistic treatment of 

the ftru-place and uiBtitol is imob- 

atructed. 

Any one of the ventilating dre- 
placts deaciibed may be used in 
connection with it, and, by t.l^e 
combination, the niaxiutum of ef- 
fect may bi; reached in the uiini- 
luum of apace. 

Figs. 1!>5-199 give thia combi- 
iiatioD witli the Fire-Flnce Heater. 
The form of the distrihutor as 
here used is objectionable on ac- 
count of the reversed draught, although the particular chimney in which 
this was used had a. powerful draught and never smoked. With an 
ordinary drauglit. howevur, it might be troublesome, and is not to be 





le of ek-uning out the jiipes when necessarj-, bnt uieir removal 
f |irobBbly be sttL-nded witn difficulty as soon aa they became a. 
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little rusty. 
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A damper is placed at the top of the first and third 
upright pipes where shown in the cuts, to direct the 
smoke through more or less of the pipe. 

Fig. 200 gives this kind of distributor in a ali^btfy 
more compact form, but open to the same, if not greater 
objections. 

Fig. 203 gives the effect of the combination with the 
Jackson fire-place in the library of a house on Mari- 
boro' Street, built by the writer in 1879. The heat 
of the fresh air rising from this fire-place was so great 
Fig. 200. jjg |.Q affect the carving on the frieze of the black-wal- 
nut mantel, and, to provide against its destruction, he was obliged to 





Fig. 201. 



Fig. 202. 



(lopigu the cut brass hood shown in Figs. 201 and 202, to dofluct the 
current of hot air from the woodwork. The plate is extensible. 

Fi^^s. 204-207 re[)rosent the form of distributor designed for the 
Adams Nervine Hospital. In this ease the openings for cleanino- 
out and for removiuf; the distributor were made in the side instead 
of the front of the chimney-breast. 

Fi<r. 208 jiives a perspective view of the writer's dining-room fire- 
place above described, showing the heater behind the hinged panel. 
Just over the mantel-shelf is the perforated panel for the admission 
to the air-chamber of tin* air oi the room whi*n the outer fresh-air 
register is closed. The illuminated frieze over the side-boards, is of 
stained glass lighted by windows behind. 

Fig. 209 represents a hall chimney-piece in the house on Marlboro' 
Street, already referred to, sliowing another manner of decoratino" 
the hinged panels, fresh-air registers, ventilating gas-brackets, and 
chandeliers. 

When terra-cottft is used iov tVve di^ttWiwUsv, \t \w^n V^q, e^^t Iti as 
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■ In oHer In pi*i'vi>iil thf \u6v nf liPiit liy !ibsor|iticiii in (he brlck- 
rk, :iri.i iilni r<i iljri'i t \\\v frOfli a[r >i[>nii tlif pi[n.'>, ibu Uij-tribiitin- 





Rg. 210. 

m of llie eolj air, and atiolier itbove for the ^„ „. 

HI, otherwise the most caretiil supervisitiii will hardly bu(Ho« 
f_ sutfidg by an onWnavj ... .-.. m 
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a fumaca lie used, it need only be h smaHone, say a iiortablaf 
of the smallest size, with a large cold-air biu, to heat the i 
temjier the freah-air supply on festal occasions, when open fir 
inadmigBible. A much more canrenient heater in this case vroUld*J| 
BteuiHniieH connectinj; with a central boiler, under 
I tpeciu company or of the public, like gas and wat , . 
I the amount of lieAt rei^uired noiild be comparatiTcly sm^l, on 
' actually used would have to be paid for. and a great first oo 
the care of running a bnsement fiirnaoe at irregular intervals, wod 
be iliapenBcd witli. 

Where one has the audacity to diiergo so far from the 1. 
trat^k as to omit tile iianellett or plastenjd front of the eli^nfi 
breast altogether, the convector way be enjoyed also as a radiSiU 
and, in tlie attempt to treat it decoratjrely, a new field is Opened £ 
the penuil of the artiste Its eurfiu:e may be legitimately ornamentl' 
at the junctions of the pipes by brass bands abd fillets, and t 




clean-oul caps, may be treated as bosEeti and roeetles. By p 
strips of sheet-irou between the upright pipes, and bending the si 
on the front edges to the right and left, the fresh air may ba n 
to circulate completely around the pipes before it enter 
These strips, when heated through, become themselves radiators, H 
greutly add to the heating power of the device. This form of r _, 
ator was tried in the room referred to in tlie (irst chanter as ineffO: 
1 ually warmed by an ordinary open ftre-place. As there desCTtbc 
"' e kilograms of wood burned therein were able to raise its b 
'lire mil a single degree CenU^rade. Wxet \kw; K^\.to^lju^Uan<4 




lite Open Fire-Place. 169 

1 &e nuUMor, Uie room, islanding at 40° (F,) at tlie stai't, was heated 
in sixty minutes to 105° (F.J, or about a decree for eTery minute 
during which the wood was bui'ned. It might have been raised still 
higher by burning more wooii. Contrary to what mi^ht he expected, 
the direct r»diatii)n of the elevated pipes upon the heads of the 
occupftnts causes no discomfort. Nevertheless, ornamental screens 
rising above the uantel-shelf may be used to deflect the rays from 
the lieoda of those standing nearest the lire and from the clock or 
delieato mantel ornaments. Figs. 212 and 21S are intended to rag- 
gi'sl metliods of decorating the open radiator. In the former the 




triangular form of tlie upper horizontal pipe by which the smoke of 
the various upright pipes is collected and directed into the mi"le flue 
above is eiposed as part of the desieu. The lower end of the flue 
above is also shown at the top of tlie triangle. The slipjoint for 
the removal of the radiator is formed at this point. In the latter 
design the perforated panel contfuning the lai^e arch and the cen- 
tral screen must he unscrewed before the radiator can be removed. 
Fig, 2U gives a section through thb fire-plnce in order to show the 
manner in which the rays of heat from the fire and the radiator 
above distribute themselves throughout the room. The head of a 

Eerson standing near the mantel is protected by the screen from the 
Otlesl rays of the radiator, which can only be felt at this point by 
ruiaiiig the hand above the head. Persons standing at the middle 
and further end of the room are warmed all over equally by the 
nya from the fire and radiator both, and experience no greater 
rmth at the head than at the feet. Moreover, the rays are 
toted from thu opnosite walls back again so af to strike the bock^ 
b]1 thj"e*i irhi-n looking toward the ttte. 
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The arrows show the actual movement of the fresh air coming 
from the diatributor chamber, ^ving the occupants in every part rf 
the room a continnal supply of pure, and only pure, air. The breath 
from the nostrils foUows the general movement^ so that do portion of 




^215 gives 
iliiii of til 1.4 radiator s\k 

horizontal pipe» 

'>-' ~, ^' ~>^ I'f sliec't-iron in section. 

/' •■ ^-'', ', 'I'hf lii'iit en<l?of llio strips 

,' .' ' •^^' ^, NfiTtlftlccting the currents 

•' ,' ,'\ ^'^ rif air upon the front sur- 

fiitps of the pipes are 
^'^- ^'^ iil«(i shinvn. Tht clean- 

out caps in both tlu-se ilesinns iiri' urnaini'ntpd with carving and 
gdd. In 213 ihev follow the otirvi- of tlii> lnr<re arch. The screens 
U) bath are circufar in form and rise from the centre of the back- 
board of the mantel. In 213 it echoes the laree arch above, and 
the outer edge liends slightly forword, as ^-hown in section in 214, to 
allow more room for the Iieat ravs to pass from the pipes. Solar 
radiation is rcprescntcil st-nibolically in the nniutin^ of the frieze 
above the radiator. In Fig. 216 a scrci'n of a different form, extend- 
ing across the entire front of the railiator. is given. Here ac;ain the 
genial rays of the sim arc conventionally represented cxtendfng over 
the entire upper iiart of the chimney-breast, the sim himself rising 
at the centre of the arch. A still greater heating effect is obtained 
by throwing the railiator ent\rc\y oul hvVo vVc tooth asm. ■?\^. VJt. 
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But the difficuln- of tie artistic handling is jiroportionally ii. . ^ 

and the ruagh ssetch is presented mereh' aa a su™eation for devef""' 
opment under more caretul study or a. more skilf uTEand. The K 
here surrounds the entire hase of the radiator, and Uie upright fl. 
unite at the t^p in a single flue which may enter a second radial 
with or without a second fire-place directh- ahove it in tlw 1' 
story. The plan of this radiator is siven in tig. 21S, and ths a 
ment of the fresh air and of (iie heatrrays ie clearly indie 
nrrows and dotted lines. In all but one of the aboTe designi , . .^. 
the majority of the chimnay-breaat is taken up hy the radiator, a 
certain amount of space is still left for picture hanging. 

It remains to determine the practical value of the diBtribiUnr 
far as it is dependent upon its coat, for if the eoat of n ' 




instalment, and mauagement docs not oomi>ari! favorably'fl 
of the ordinary furnace and fire-plate, the inBlrument for p 
piloses is valueless. 

Tlie cost includes, first, that of manufacture and Betting, t 
second, that of management, and involves, of course, the comtida 
tion of the exact amount of its heating and ventilating power. 
Taking first the enclosed distributor we have as it«ms of ea 
(1.) "nie distributor itself. 
(2.) The sheet-iron strips between tlie pipes. 
(3.) The tin casing. 

(4.) The two dampers, lower and upper. 
(6.) The two register plates, lower and upper. 
(B.) The flagging to support the chimney-breast aliove, 
(7.) The hotair flues between the distributor in (jueslioo A 
I rooms above. 

(8.) The panelled front of the chinmej-breaat. 

The cost varies with the size of Uie distributor, but the cost of tl 

lixe may be easily calculated as follows : ' 

(1.) !rhe cost of the distributor depends njion its material a 

, the form and extent of its heating surface. The heat material Is d 

iron of the weight of 28 oz. per square foot (8 kilograms per squ^ 
i metw), or what is ealleil No. 20 sheet-iron, of about a millim8t?~ 
k tliickness. The upright pipe« may be made of common iro . 
Mtvats. a pound, or ten cts. ak\\o^a.-ai. TtveliQtiumtfll'ji^esBl 
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luade at tlie best bloom iron, aC aay twonly cts.' a. kilogram. The 
lieBt form for the distribuMr is given in Fig. 188. Here we have six 
iijiright round pipes 20 centimeters in diameter each and two meters 
long, between two horizontal square pipea 25 centimeters on each side. 
The pipes are 10 centimeters apart. This makes the horizontal pipes 
1.80 meters long. The distributor contains five conical dampers 15 
centimeters in diameter, and 20 centimeterB on the side, made of the 
same thickness of common iron, and hung in place on two stout wires 
passing through the plane of the base at right angles with each otliev, 
and one ordinary disk damper 20 centimeters in diameter, revolving 
on an axis above the hinged panel, to be operated from the room. 

The aniouDt of iron in the six upright pipes is, (hen, T.S square 

That iu the two horizontal pipes and iheii- four ends is 3.85 siioare 

That in the five conical dampers is 0.32 sijuare meters. 

Tliat in the remaining dampers is 0.03 square meters. 

The weight of the upright pipes is, then, 7.6X8^ tiO.S kilograms, 
and the cost would be $6.08. 

The weight of the horizontal pipes is 3.8o ^ 8 = 30.8 kilograms, 
and the cost ^Se.lH. 

Tlie weight of the dampers is 0.35 X 8 = 2,80, and the cost = 3.28. 

Making a total cost of SI 2.52 for the material, or allowing for lap 
and waste, sav 813.00. 

If the weight of the iron were reduced to one-half the above, the 
cost of the material would be $G,50. 

The distributor described, would be, however, unusually larae. 
One two thirds the size would be more usual, and the cost would be 
S8.Gtl or S4.33. Allowing for the labor of manufacturer (the esti- 
□late of the furnace maker by whom the apparatus wa? made], from 
iH.OO to £10,00, according to tlie size and number ordered, we have 
a total cost of from $17.00 to «23.00 for the largest and heaviest dis- 
tributors, and from S8.S3 to S14.33 for the smaller ones. Made of 
terra-cotta the largest size coste from S2G.00 to S30,00 each, when 
made singly. What the reduction would be where several were 
made cannot yet he ascertained, but terra-cott4t is, ns said, only to 
be recommended in exceptional cast's. 

(2.) The five sheetdron strips, 20 centimeters wide and 2 meters 
long, would bo worth $.80, or, with the labor of cutting the strips, say 
$1.00. 

(8.) The tin casing ahoiihl have a width of 1.80 meters, a height of 
2.70 (10 centimeters clear space above and 10 centimeters below the 
distributor for the free circulation of the fresh air), and a depth of 35 
ceDtimi'tei'B at the bottom and at the top where it surrounds the hor- 
ixunlal pipes, so as to give 5 centimeters free space on each side of 
these fiijtes for Uie circuhuinn of the fresh air. Where It comes against 
the jicrpendicular pipes the depth of the casing should be diminished 
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to 22 centimeters, so as to leave but one centimeter between the perpen- 
dicular pipes and the sides of the casing. This forces the air to pass be- 
tween the pipes and completely envelop each. Where no tin casing 
is used, these proportions should be given to the masonry, so that 
it may direct the air in the same manner. It is of the utmost im- 
portance that the form and dimensions specified for the envelope ol 
the distributor should be carefully observed, otherwise a large part 
of the heat will be lost. 

The amount of tin in the casing will therefore be about 13 square 
meters, and the cost we may put now at about $15.00, paiated on the 
inside. Then for a distributor two thirds as large, the cost of the 
casing would be about $11.00. 

(4.) The two dampers with frames and cords would cost about 
$6.00. 

(5.) The two register plates (ordinary black japanned), the lower 
one 25 centimeters square and the upper one 1.50 meter long and 30 
centimeters wide, would cost $1.20 and $6.00 respectively. 

(6.) The flagging, as before stated, need not cost more than the 
ordinary form of hearth. 

(7.) The hot-air flues connecting the hot-air chpmber with the 3d 
and 4th stories will not exceed 12 meters in length, or $18.00 in cost. 

(8.) The panelled front of the chimney-breast is more than offset 
in the saving in masonry, studding, lath and plaster, and papering. 

The total cost of the largest radiator and all its appurtenances for 
heating and ventilating four rooms would therefore be $60.50. For 
the ordinary size (two thirds as large) the outside cost would be $47.00. 

The Labor of setting the above when the tin casing is used is no 
greater than that of building an ordinary ilue including the brick 
trhimicr-arch. Xo pargeting is needed on the inside of the flue. 
Two c»£ those distributors, one at each end of the house, are sufficient 
(with a stc)\e in the basement for heating the hall and for festal occa- 
sions) for tlioroiijxlily heating and ventilating a foui'-story city house. 
8 meters wide and 20 meters deep, in the manner already described. 

The cost of the two distributors, sav one larfire and one small, beiusr 
$107.00, add cost of small portable furnace and ten feet of pipe for 
the hall (say 88U.00) (price list for McGregor Portable Furnace 5^o. 1, 
and ten feet of i)ipe, registers, etc.), and the total cost is $187.00. 

To do the same work with an ordinary ])asenient McGrejror Fur- 
nace would, according to maker's estimate, require a No. 5 Furnace. 
Cost of Xo. 5 Portable Furnace per price list is $225.00. If a soap- 
stone furnace were used, the size, according to maker's estimate, 
reqiured would be X'^o. 36, of which the cost per price list is $350.00. 
To this nuist be added the cost of piping and registers. Taking the 
same number and price of registers required in the case of the dis- 
tributors, we have for these and the soapstone frames at the very 
least cost §27.00, allowing a minimum of 3 meters of pipe for hall 
register ; 7 meters for front room 1 st stor}- ; 7 meters for rear room 
1st story; 11 meters for front room 2d story, 11 for rear room; 15 
for front room 3d story and 15 for rear room, 19 for front room 4th 
'ory and 19 for rear room, we \\a\vj ;\, x.oX.'aN. *A \^"i \£kfe\e^% <i^ ^vcil-^v^ 
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, .__^ . . value of tliisjiipe at tho sa;tie rate we did in tliu tate 

of the diatributora, wc Lave $160.00. Add at least 550.00 for labor 
on furnace, pijiing and for double piping, eollare, etc., and we liav« 
a total of 8412,00 for the iron furnace work and S5a7.00 for the 
soapslone fnmaee work, against $187.00 for distributors and small 
fnroace. 

There vrill of coui'se be other and incidental ex[>enses, such as cold- 
sir box, furnace smoke-pipes, gas-pipe ventilators, etc., but these will 
l>e tlie same in both cases or greatly in favor of ibe distributor, and 
need not tliercfore be considered. That the consideration of the..<e 
mould be in favor of tlie distributor will readily be seen when we 
reeollect tliat both supplj' and exhaustopeningB are included in the 
arrangements of the distributors, while, with the furnaci:, only supply- 
openings are ttatimatetl ujioii. The estimates of coat are in all cases 
taken from tbe price lists without consideration of discounts. Where 
the distributor is exposed as in Figurea 212-217 tlie coat of detrarat- 
ing the radiator may, for a correspondiiiadegreeof ornamental work, 
be taken aa ofiaet by the saving in omitting the hinged panel, so that 
(he above figures may be taken aa roughly to cover either kind. 

Such being the saving in the first cost, yiv have now to compare 
the cost of mauHgement in ttic two cases. The heating surface of 
the Itti^ distributor we found to be ll.HO square meters. Add 1.4 
square meter for tire-place back and connecting-pipe, and we have 13 
square meters. 

The McGregor furnace 'So. i has, according to measui'ements, 9 
square meters of hcathig tiurfacc. Ko. Q has about the same as the 
lavGf distributor. 

The Soapstone furnace No. IShas about l^square meters; Sanford's 
ChiitlcuguNo. 40, about ilsijiiare meters; The UimkleeNo.8, aboutlO 
mjuarc meters; The I'eerless No. IB, about 8 square meters; TheChilaon 
h o. 8, about (> square metfrs, all uccordiug to Uie writer's measurements. 
IVith tlie same amount of coal burned, uierefore, a single distributor 
is capable of warming an equal amount of fresh air to the same 
It with any of tbe above-mentioned furnaces. But since in tlit 



le of the diatribntor the fuel used is tiie same as that which t 



Elies the open fires, while with the ordinary furnace otiier fuel is 
uraed and seven eighths of that used in the ojien fire-places is lost, 
the annual saving in the former case is e^jual to about half the total 
cost of the fuel bumeil in the open fire-places used in councctiou with 
Ihe basement furuikce. A Boston coal-dealer, taking at random from 
his books twenty liouses on the Back Bay of Boston suppUed by bim 
with fuel, found tbe uveraffo annual amount of furnace, ruuge, and 
caaiud ooal (for open fire-pjaces) consumed in each was 14, 15, and 
8^ Urns respectively, which at a cost of $4.00, $S.OU,audS14.00 re- 
epeC^vely made 85G.00 for the coat of furnace, S7S. 00 for the range, anil 
$49.00for theopenfire-ptace. The use of the distributors would there- 
Sara give u» in each of tbcsu twenty houses an annual saving of say 
Di Where, however, one of the distributors is used witli the 
hduci we Lavtr an additional saving of eay$^:^.00, making a total 
J Having of SJ7.00, or more fliaii eaou,^ \q V»« sc^TiNii -\>»« 
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for the entire first cost of both distributors and their neoeMaiy sfr 
cessories. 

''The cost of fuel annually required in the United States for 
mechanical and manufacturing purposes, mainly for the ^enermtiim of 
steam, cannot fall short of si^ millions of douars. Ettimating it s( 
fifty millions, an inyention or discoyery which would saye one roorA 
of this amount would increase the national wealth by twelve millioni. 

TABLE XL 

Ci^ssnricATiON of Hsatikg-Appa&atus iv Beoabd to Hbathtg BnnoL 

(See Smithsonian Beports, 1878, p. S06.) 



Forms of Apparatus. 



Ordinary Fire-Places 



Ventilating Fire-Places . . . 



rCast-Irou, ) Coal 

Common stoves I burning ) Coke 

without circu- -I Porcelain, burn- 




lation of air. 



Metal stoves, 
with circular 
tion of air 
taken from 
the outside or 
inside. 



ing wood, slight- 
ly healthful . 

Model in use in 
schools in Paris 

with vertical 
pipes, Chausse- 
not's model . 



Heaters with 
pipes for cir- 
culation o f 
hot air. 



Apparatus for 
circulation of 
hot water. 



Horizontal 
Vertical . 



WTieu the pipes 
and radiators 
are very uu- 
uierous, with 
large surface 
compared with 
that of the 
heater. 

When the boiler, 
furnace, and all 
the radiators or 
pipes are con- 
tained i n the 
place to be 
wanned. 



90 
83 



87 

68 
93 



63 

80 



65-75 



Remarks. 



Carry off fotQ air, bnt do not di- 
rectly brinff in freish air. Effect (A 
system healthful. 

Carry off fotQ air, and directlT in- 
troduce moderately warmed fresh 
air. Healthful system of heating. 



Produce a very insufficient chuige 
of air. Unhealthf nl Bystom. 



Do not produce sufficient change of 
air, and heat too much the air 
they introduce. Very injurious 
system of warming if pipes be of 
cast iron; slightly nealthful if of 
sheet iron. 

Cannot directlv produce a sufficient 
removal of foul air, and in, gen- 
eral, supply overheated air, out 
may easily be modified so as to 
give out air at 86° or 104**. Sys- 
tem injurious when not com- 
bined with means of ventilation. 



85-90 



Easily adapted for the establish- 
ment of regular direct ventila- 
tion. 
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five hundred thousand dollars per annum. The cost of fuel for cul- 
inary purposes, warming dwellings, etc., is of course much greater."^ 

According to Table XI., taken from the Smithsonian Reports, we 
see that a metal stove with vertical pipes with circulation of air 
taken from the outside or inside, is capable of utilizing 93 per cent, 
of the heat generated by the fuel. The " distributor " is such a stove, 
and is therefore, following the authority quoted, able to save nearly 
all the heat of the fuel. In practice, however, such a result will 
rarely be obtained, and the greatest percentage reached by the writer 
with the distributor during the summer months has been a little 
under 80 per cent. In winter, when the air brought in contact with 
the pipes is much colder, a greater saving can be made, but no oppor- 
tunity has as yet been presented to make experiments in the winter, 
the apparatus suited for accurate test having been completed only in 
the spring of the present year. 

The distributor is connected with the masonry of the fire-place by 
simply embedding its lower connecting pi])e in mortar and brickwork 
for several courses. The expansion and contraction of the meta,l 
must then take place upwards. To allow of this, at the top, where 
the iron pipe rejoins the brick flue, it should be fitted into a piece 
of tin pipe half a meter long, with just room enough to slip in it when 
heated. The tin pipe should be firmly bedded in the brick flue with 
cement. The iron should enter the tin flue a distance at least equal 
to its own diameter. When the tin pipe rusts away, the smooth 
cement in which it was set will have become hard enough to take its 
place, and serve the same purpose. The tin pipe should be built in 
by the mason when the chimneys are built. Copper may be sub- 
stituted for tin where it is thought that the unprotected cement 
would be likely to be decomposed by the smoke and moisture. 

EFFECT ox THE DRAUGHT OF ABSTRACTION OF HEAT FROM 

THE FLUE. 

It may be asked, whether the utilization of the heat of the smoke- 
flue, by means of the distributor, would not injure the draught of the 
chimney in direct proportion to the amount of heat abstracted from 
the flue. 

The heat abstracted from the distributor is not lost by immediate 
dissipation in the outer air, as is the case with that taken from the 
surface of an ordinary flue of brick or iron, es])ecially when exposed, 
but is at once returned again to the flue through the open fire-])lace, 
after warming the rooms of the house. The entire house becomes 
the chimney, the rooms, and outside walls forming, as it were, a kind 
of outside coating, and the heat is simply transferred from the outside 
to the inside of the flue, after passing through the rooms, or double 
coating, in its passage. AVere the foul air removed from the house 
through independent flues, and from the ceilings of the various rooms 
to be ventilated, as is customary, the case would be different. AVo 

1 J. Jenkius*8 Improvements In lie%XVn^. 
12 
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have presupposed that the walls of the house are rendered as im- 
pervious as may be to heat. This can, of course, be onij partiaUr 
accomplished, by vaulting the walls, doubling the windows, back 
plastering, etc. Even then, a certain amount of heat will be lost 
through them, but the interior of the house will always be warmer 
than U)e exterior, and the draught in the chimney strong in propor- 
tion to the excess. 

Even without this it is clear that the abstraction of the heat alone 
could not be sufficient to destroy the draught, because, if it were, no 
fire in any ordinary chimnev could ever be lighted without smoking, 
since the brick flue has at the time of lighting received absolutely no 
heat from its own fire-place, and experience shows that, with properly 
constructed flues, the difference between the ordinary temperature of 
the house and the exterior air is in winter sufficient to produce a 
chimney draught of fifty or sixty meters a minute. Indeed, with good 
chimneys a difference of one or two degrees is sufficient to produce a 
good initial draught. The friction against the smooth sides of the 
distributor slightly diminishes the rapidity of tlie current, but hardly 
more than that in an ordinary chimney against the rough flues oi 
brickwork. 

To illustrate the movement of the warm air currents formed in 
heating and ventilating rooms by direct and indirect radiation, the 
writer had a model of a house made of glass, wood, and metaL The 
model was about .75 m. high, and contained three rooms with fire- 
places, and independent flues, as shown in 
section, Fig. 219. The glass sides were made 
double at all openings to exclude the outer 
air. Small oil lamps served as fires. The 
smoke-flues were constructed of metal from 
top to bottom, and passed through a fresh-air 
chamber just large enough to contain all the 
flues and allow of a free circulation of air 
about them when the fires were lighted. The 
fresh air entered this chamber at the bottom 
of the stack, was heated around the flues, and 
. then entered the various rooms through reo^- 
isters in the chimney-breast near the ceilin^sj 
as indicated by the arrows, lliermometers 
placed along the ceilings and floors of the 
rooms showed a remarkable equality of temperature, in different 
parts of each, with a gradual increase in ascending from the lowest 
to tlip highest room, and in all, as long as the fires were burned in 
anv one. 

The niovemont of the currents could be followed with the greatest 
accuracy by tinjiing the air with ammonia fumes, generated over 
nitric acid, or with the smoke of damp gunpowder ignited. When 
the Hues in the top and middle rooms were cold, or stopped with 
corkfij the hot-air currents in these two rooms were interrupted,.no.ven<t 
tilation was effected, and tVievT tem^T^t\a^\mHi^^iaiu^^\sfe^g^ 




Fig. 219. 
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UpOD unuorking opeiiiiip at tlie tijp and eiJes o£ these rooms, the 
vurrcnts ngtun stoned itirougU them, but rln.' air npd heat es[:tipi>d 
before it rc^Achcd the Inwcv jtarta of the I'ooms, and at thetie poiatx 
llie mcrciipy renininiHl ni'arly stationary, showing tdearlv the folly of 
the MnninDn mode of exhaust vtriililatm" at or ti^nr tlie veiling, in 
winter- In orAvi to makL' ccrlaiu that the purrents observed in the 
model vere siuiilai' to tho»e UmwX in acinal buililingi', the f<jllowin^ 
esperiment naa made. Cold air. made visible by iJie smoke of damp 
strnw, was broniiht againsl, and houlini by. tbi; distributor, and en- 
tered till! room fliroiiyii tliu upper rugisttr, as nsTial. The warm air 
acted prpfiwly as described in the ease of the ftirnace-llue, form- 
ing regular strata at llie top (if the roonj, wliii/b descended as they 
cooled, and passed uol of the fire-place npi'iiiii;; iipnii r-eiiiliin"; its 
level, but no port of it beforu. 'J'he ex^n'riiucNii r n;i- :\\,W\ by lying 

down, to n^niain in tlie room until ilic snn>ke -ii ;lI;( i b.,! die lioor, 

after which the observalionB had to be made li'im ili.' mji-jilc, ilimudi 
thegbtfs panels yf tlie Jour or window. Theoii' Luluiud \iy tbi; smoke 
ITM coolod before entering the distributor chamber, by boliw con- 
ducted under the snow iu a tlue tun inetera long, in oi-der that its 
movement should bu determined solely by the heat of the distributor. 
Where the warm air strata came in contact willi the wiodowi, the 
downward niOTement at tlipoe points was aumewhat more rapid, but 
the effect was produced only on s. very small quantity of air immedi- 
ately in contact -with the glnse, as the column rolled up by it, no beat 
being given up by tlio air by radiation to the glass, so tliat the dis- 
tortion of ibe layers was hardly perceptible, tliough the windows 
were not double. It is (ometimes claimed that^the warm air sliould 
be delivered on the window, or cold side of the ihoai, and tlie foul air 
withdrawn on tlie opposite side, on tlie ground that by this means a 
temperature more eiiual in different parts of tho room can be pro- 
duued- It the Bn|mly could be near the bottom of the room, under 
tlie windows, and u at the sauio time hot air were a, raiUalur of heat, 
this might be the case, lint neither \a the fact. The fresh air 
cannot be introduced at the bottom, liecanw its entrance there would 
bo objectionable in summer, sprini:, uud fall, on account of the 
drftugbts it would m'ca-ion, auTniyio^" ami dajiLierciis tci tlitvse nearest 
ila inlet, when lie oiiiei' air inli'iihirLil wcie cimler than the air of 
tbe room. Two 9upjilv-rci;isters would be iicei's»ai-y, one below the 
vindows for iviiiler and one above tor ciimmei'. 

Hot air is not a radiator of beat, any more than it is a receiver uf 
radiant boat, whereas, on rlie eoittrarj', tlio cooling effect of window 
surfaces, as now eonstrKfrid, is dae rather to radiation, than lo Ibe 
adnds^ion sf cold nir. The mere passage of a cohtinn of warm air in 
frniii. of these windows iloi's not materially warm them, nor in rbe 
least okistruel ttiu loss of heat by radiation from the occupants of the 
room to tlie coM glass. 

claimed that there is a positive disadvanlsge even iu 

I jilucing the supply under the windows, on account of tlio 

niption Co the reg'ilar How of tlie aJi «\ui^^Na>A^\ib Q'^'ia\<iffi::&~ 



180 The Open Fire-Plaee. 

by the conflict between the rising column of warm air and the cool 
air falling near the windows. The natural ventilating currents would 
be disturbed, and the regularity and amount of air change would be 
correspondingly reduced. But such a theory would seem to be based 
on the supposition that the air moves in currents rather than in hori- 
zontal strata, whose gradual and uniform descent is little influenced 
by the conflict referred to. The two opposing currents near the win- 
dows would rather tend in part to neutralize each other, and the cold 
air entering through window cracks, however small in amount, might 
still be annoying were it not tempered by mixture with a portion of 
the incoming warm air. So tempered, its baleful influence at the floor 
level would in a measure be prevented.^ 

Nevertheless, this advantage is not sufficient, in well built and tightly 
fitted rooms, to compensate for the extra expense and loss of carrying 
the warm air flues to the outer walls of the house. This is usually con- 
siderable, because the heat generator is as a rule in the middle of the 
building. If two supply-registers were used, one above for summer, 
and one below for winter, the first cost would be still greater, and the 
diflSculty of management, and the consequent liability to neglect, 
would be an important objection. The arrangement would lose the ad- 
vantage of automatic action. Were the room warmed by direct radia- 
tion, the case would be different. A direct heat-radiator placed under 
the windows would radiate heat on the one hand to the occupants of 
the room, and on the other to the windows, and more than compensate 
for the return radiation to the windows from the occupants. 

For the ?anie reason fire-places, being also direct radiators, when 
built on the outer walls, especially under windows, have an advantage 
frequently lost sight of. Where it is thought necessary to provide 
for a sujjply of fresh air in spring or autumn, for days when the out- 
side air is too cool to allow of opening the windows, and yet not cold 
enough to recjuire artificial heating, an exhaust register should be 
provided at the top as well as at the bottom. 

AVhere oj)en fires are not used, if it were possible to maintain the 
walls of the room at a temperature higher than that of the fresh air 
from the furnace flues, a greater degree of healthfulness and comfort 

1 The cooliuj; action of the windows and walls is by no means "the sole re- 
liance in all st'lf-ac'tinji or automatic heating-apparatus." It is not a reliance at 
all, hut rather a JiitKfntnce. The ventilation with sueh apparatus is determined 
by the height of the hot-air and exhaust Hues, and the warmth or levity of the 
column of air they contain, as overbalanced by the density of the corresponding 
cold-air column of the exterior, and is onfi/ stiffhf/i/ intiuenced by local currents 
in any room. The velocity of m()vement of the warmer column is retarded in 
pr<ip(")rtion as it is cooled by the walls of the various rooms through which it is 
Conducted in its passage. 1'he room of a house must be taken as merely^ a local 
enlargement of the warm-air tlue, in passing through which enlargement air 
is coitled, and its velocity retarded in i>roportion to the thinness, porosity, and 
con<luctil)ility of the Avails. 'J"o show the truth of this, we will suppose the walls 
of our room to be artificially cooled beloAv the temi)erature of the outer air to 
such a degree that the warm air from the flue coming in contact with them is 
cooled until the levity of the warm-air column is no greater than that of the 
exterior. Stagnation would clearly be the result. Artificially Iicat, however, the 
outer walls, and notwithstanding the friction induced by irregular and conflicting 
Jocal currents, tlie velocity of Uie entire column wovild. be increased in proportion 
n the amount of heat imparted by t\ie> Yveax^ivi w^Wa. 
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Iku^it be attained, anil ttio problem <jf the po^itiuns of suppl.v aad 
«xLau3t registeri' would Tie greatly Amplified. Both rcgistei's would 
be near the ceiling aa well in irinter as in summer, aud all move- 
menc of foul air, from occupants and gnB-burners alike would l)e 
simultaneously iiiiwarde. Tlie fresh air entering would fall first to 
the ^und, and the movement of the strata would thence be Tip- 
ward instead of downward. Direct radiation would be enjoyed 
from the ^itri-ounilhi^ walls. Although less heat would be required 
to warm the fresh-ulr supply, it does not net-essarily follow that, on 
tbU accouut the action of the heater need be the less automalic, fur 
by using smaller hol^air flues and mixing cold air with the hut near 
the regisWrs of deliverv, the same Iipiit nnd reloeitv in tliem could 
be mtdntained it defiiv'-l, ■■■■)<;}>■ <}v .■y|.;ii!^l-fli.<.s wo'uld bi; wanner. 

The consequent geurnl ■ '■■■■■ M'lUihilin^ rnrrcut wnnlll 

then ha grctitcr in pi'nii . ■ ■ ■■ ir <if ln.Mt ttiiipiicd h\ au 

exterior soiirci 
■eijiiired ti 



, ap 






in hi-'ight whei-c open lii'e- 
pliu'i!* luay be uned and rooms over each other 
are eonslantly wtupied, flje principle of (he 
use of simple metal fluea fide by side, as il- 
lustrated by the model, miiy be eiiiploji'd umst 
advantageoui'ly. Fig. aiO givet a f^et'lion nt 
suuh a uliimney for a librarv buildini; de- 
signed by the writer. The plans show jaui- 
tor'a ijuarters in tlie basement, two mezzanine 
stories thereover by the side of a kcturo liall, 
two more correspimding to the library above, 
arid an attic over all. All these small apart- 
ments b.'ive open lire-place« except that in 
)bi: bu^t'iouDt, in which is the range. 

Tiie iliies of the range, first, second, third, 
and fiHirtii story fire-placea are shown tr,n- 
structed of sheet-iron, standing free in tlie 
fresh-air chamber formed by the walls of 
the chimney as in the model. This air-cham- 
ber is in each story entirely in(ic|iendent of 
the othurs. being separated by horizontal plat- 
forms of brick or (lagging through which the 
iron flues pass. These platforms bind the 
front and rear walls of the chimney tc^etlier, 
and prevent the warm nir from rising immedi- 
ately to the top of tliB chimney. They also 
ierve to prevent the passage of sound from one 
story U> another. Each fresh-air chamber is 
mpUed with fresh air by an independent flue, 
vti draws its air from an air-box of brick in 
P-tttMuent, Tliese supply-flues are slvuwo 
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of the stack. They do not increase the width of the stftck bectoM 
they dhninish in number in each story as the smoke-flueB inoreMe, 
and, therefore, occupy only waste space, and are actaally necessirj 
to serve as widies to strengthen the lower half of the cmnBiey. h 
short, they take the place of the lower ends of the ordinary farid 
smoke-flues. 

In summer the valve shown at the top of the foortli Btory ii 
opened, and the fresh-«ir box at the bottom is closed. The rangi 
heat then passes off without heating the walls, and produces a venti 
lating current through the entire stack. The ezhanst then take 
place at the top of the rooms through the register used in winter foi 

Osuppiv, and the fresh air is furnished through the opei 
fire-places, or window openings to take its pbioe, ever] 
current being thus reversed throughout the entire series a 
rooms, by the turning of a single re^ster in the atdc onei 



I L in Ae spring. 



Where the iron smoke-flues pass through the platformi 
F! 221 ^^ masonry shown in the figure, at the level of each fl 
'' short pieces of tin pipe, slightly larger than the fiiUMy 



encased in the masonry to make the joint, as shown inFig. 221. 

In this manner but little air escapes. What passes up from on( 
air-chamber to another, is utilized in the latter, and the loss is con 
fined to that which escapes through the upper junctions. This ma;] 
be made inappreciable. There is no object in connecting the super 
imposed air-chambers one with another with valves to allow the 
whole, or part of the air warmed against the lower halves of th< 
flues, to pass up to the chambers above, when not required below, 
because the heat which would have been abstracted by the fresh aii 
below is carried up in the smoke, and given out to the fresh air above 
instead, and the first cost and complication in management of the 
several dampers is avoided. Moreover, less heat is lost by absorp 
tion in the masonry. 

By this arrangement no communication of sound from story tc 
story is possible, as is often the case with furnace flues ; the sound 
passing from one room down the flue to the furnace, and up again 
through other flues to other rooms, so that to those 
standing near the registers sounds from all over the 
house are repeated. 

Nevertheless, if for any purpose it is found desirable 
to connect the air-chambers together, a valve like that 
shown in Fijir. 222 mav be used to best advantage. The 
three flues at the right, are fresh-air supply-flues, and 
on the left are the fresh-air chambers containing the iron 
smoke-flues, or distributors, not shown in the drawing. 
Supposing the lower register to be for the hot-air sup- 
ply of the dining-room, and the one above for the parlor, 
upon leaving the dining-room for the parlor, tlie hole in 
the platform forming the passage between the lower ^''' ***• 

4 opper air-chamt^r may be o^ned, more or lesa^ by sliding the 
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valve to the rwht. The worm (lir then papse." 
jur«haiDb«r and thence into the parlor, or into i 
sired. This daiiiiwr is alwi nvnii to leni]" 
With an ordinary renter, if the incoming nu- oa too w: 
cold, the only way is to close it, in whole or in part, 
lliJB method the vuntilatioa ie at the same time in whule 
out off- The valve under consideration, however, enable 
perature to be regulated without aSeeting the ventUatiui 
the air from the fresh-air chamber he too warm, the valvi 
o the right. Fart of the hot nir thvn i 



bera] 



But by 

< the tem- 
. Should 
' is moved 
the cham- 
ir above, while exactly the same amount of cool air enters from the 
cdd-air flue, and mixes with the remainder of the hot air, as it 
enters the room throuch one and the same register face. The regis- 
ter face b shown in Fig. 323. The handle of the sliding damper is 
shown in the upper part. That of the register proper ^^^^_^^ 
below. If cold air only is wanted the damper is moved ^e^an a 
entirely to the right, and all Ihe hot air passes up above, g ^^g] 
When the room is left empty as In the case of a dining- |HP9p"* 
room afl«r the feast, and neither heat nor ventilation p. g,j 
ia wanted, the valve is pushed entirely to the right, and 
the register proper is closed. When but httle ventilation is wanted, 
the register is ulosed partially, more or less according to the amount. 
T'be various iron flues shove deacribod may be constructed of short 
pieces, tlte upper pieces always fitting inside the next below. Ce- 
ment is hardly necessary, as Uie joints will soon cement themselves 
with iron oxide and soot. Any section may be removed, and replaced 
through the hinged panels by hammering and cutting the joints 
with shears. 

The top of the cliimney should be protected from the rain by flag- 
ging, or by ventilating caps where it is desirable that the wind should 
be made to improve the draught. These ventilators should not be 
made of metal which is rapidly destroyed by dampness, but rather 
' ' i-cotta. The most effective, and simplest form is the ordi- 
nary Emerson chimney-cap, or the van Noorden, Fig. 334, 
which is similar to the Emerson, except tlml the under side 
of the cover is formed of an inverted cone, inst^iacl of a 
plane. When the wind strikes iho top of these caps an 
upward current, strong in projiortion to the atrengtii and 
direction of the wind, is induced in the flues with unerring 
certainty. No chiium-y-taii yet invented is able to do 
more than tliese, or to prevent the cliimney from smok- 
ing under certain conditions, as when the top is sur- 
i-ounded by air condensed by pressure, while the air below 
is in its normal condition. This happens when a chimney 
stands near an object higher than itself. A strong gust of 
''' wind may without touching the chimney itself strike this 
., and by its pressure, so condense the tar below as to drive it 
urn the mouth of the chimney and in every other direction where 
ii is offered. The simple Emerson or Van Nourden ven- 
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Itila^t «Mecia% .yAen sonttrocted o( «^ dwai^ material, ui 
■ -^~- -^:^'^- '^ - -^ i ^T -comiJlicatBd ftnd 

gMuV patent c 
ney-tops of uncortA 
parentage and f' 
sign, forms a p 
man^nt ornauieot'^ 
ilie edifice- ^**-i 
ft cliimney'«ap atifl 
to prevent » eUflj 
my from sniokiir 
uniler the pt.ndirinrf 




I plai-Rof tbatw 

J in}; the cliiinllA4| 

I 'riiu [H)ld-iUr »Bpi 

I will the refold 
scend thechlnui^S 

J te of the ' 
I lilator " at thi 
arranted to C 

e," and will [ 
D the room i 
bring smoke all 
I with iL Nat • 
F<e. US: any chimney - «i 

prevent ^moku^nj 
der tlie eonditione illustrated by the lower part of the fisure. 'ffl, 
lower room is connected with a hall or lower with ventiUtor atfl 
lop. Wlien the sun beats on this tower ttnd not on the chimnqr, C 
vhen the tower i* in »ny way inadt! warmer tlian the ehiidn^] r 
column of air in tlic Tdt'iijii' nill lii.' li^liier than that in the Itttte^. 
that, if there be no iiKli'in'iulnt .iir-Mi|i|ily for the room or l«wer Al 
no wind at the toji nf ilir fliiuiru-y In ji't as motive power on theM 
the air will desceni] in iIil- i.')iiii]iii'\-Hiie and cauxe it to emoke trtiA 
f first li>;liteti aud »» lun^' after us the want of eqailfbiiJ 



If sufhcieot cold air he supplied directly from the window throng 
'■ tentional openings and unintentional cracks the evil will be 0)ll3 
innee. but al the |>eril of the occupants whose legs will be batliH 

in* fri>id /dill'. 
'the. >'eii(il:(ring ("Lrt-plaoc pvo\\i\eB a^aiwsX, V\vw "o-i -wan 




tliis case stands between two bed- 
is shotra closed and illustrates tlie 
as a fresh-air supply. The left-hand 



plv. In the ceiling uf tlio 
upper bed-chamber a bent 
pipe containing a damper is 
conatructed as nhown, the 
damper register-faces being 
in the ceiling close up to the 
chimoej-breast. The flue ii 
room*. The right-hand valvi 
manner in irhich the flue acts 
trive is shown open nnd the fli ^ 

Iblesome heat of the ran^ from the walls. 
rUllSACE FLUE. 
1 Fig. 129 a model of a furnace is sketched oostructed after the 
dple of the distribulJira shown in 11". 187. The turnace-llue 
m in tiiis latter figure was connecteit with the lower ]iipe of the 
X distributorpttnd valve.i were so arranged thnt the smoke of the 
See wutd be turned into the distributor -or allowed to aeoeml 
(t in the fnrnace-fliie proper as desired. '^Vhen the smoke was 
'' caused t« pass tht-oiigh Ibe ilish-ibtiiiji'!>. the furnace became at once 
an example of the one re|ii'i;ii'n(eil in Fig. 120. and deaeribed in con- 
nection llierewith. Tin- iiciit of ilic 'iiuike was saved without injury 
to the draui^ht. By usinj; a furnace regulator in connection witU 
tliU arrnngement tbi? conibustion is antoniatically controlled, and the 
taaximiim of anlety and economy o\itawwA ■w\\.W!X. v-Vw. -osaiSKJWi «t 
oonetaaC mpervuiiJu. 
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I REGtSTKRa. 



Like the open (ire-place regarded from an economical standpoint, the 
ventilating register, index o? the popukr feeling iu sanitary inatterE, 
remains, from an artiatio point of view, in a worse tlian [irimitive 
ntalA of rudeness. Its design is left to the care of the fumace- 
malccr and foundry-man. The artist appears to consider it generallv 
unworthy of his notice in the decorative treatment of the room. It 
is put in anywhere, in an obscure corner if possible, and painted 
black, so as to attrtict no unnecesaury attention. The utmost notice 
that is taken of it in the usual building specification is a wholesale 
summary of sizes far the several roams. Had Nature, in the design 
of ihe human frame given so little attention to the inleta for the sup- 
ply of fresh air, throwing them in anywhere at random, and cover- 
ing every opening with a casting taken from the same mould, of 
indiSerent design and color, we should have lost the feature most 
prominent in giving the wonderful power of ever-varying expression, 
the distinguishing characteristic of human beauty. If an amount of 
care were given to each object corresponding to its importance, the 
ventilating register would no longer stand at the foot of tlie list. 
No time spent in elaborating its design would he considered wasted, 
and solid gold would scarcely appear too costly for its material. 

After so much of a peroration, allusion to the following ei- 
amples should only he made, protected by the knowledge that even 
failure in an attejmpt made in the right direction is letter than 
no attempt at all. Fi^s. 203, 208, and 209, give three methods 
of treating the registers in cut brass. Fig. 227 shows the effect of 
three square registers of brass, fire-gilt, over a fire-place in the 
parlor of the Hotel Cluny, Boston, and Fi". 228 of three larger regis- 
ters over the side-board of the house on Marlboro' street referred to 
in connection with Figs. 203 and 209. The fresh-air ia in this case 
warmed by an iron rangf-Huc behind the breast of the fire-place, of 
correapondlo" dcsi;;n, liiipositc this side-board. It is conducted 
across the ceiliug in tin IIlh-s sliovrn in section in the beams over the 
kters to the .right and li^ft. By this means the china-closet 
~ the side-board luay uIm be warmed by the same flues. 



^E' 



B-COSSUMING t 



1h;it it is no longer necessary to throw away 
I '.'I '111' rated by the consumption of our fuel. 



iiiiiv n-.t-uiMiri', inii^i'esi ourselves in the one tenth unconsumed; 
naiiiL'ly, ili.iL "liiili (.^scapes in the form of smoke. In reviewing the 
various luz-iii? Lil Muokc-consuniing fire-places hitherto invented, the 
best tor raudern purposes, all things considered, seems to be that of 
Touet-Chambor (Figa. 42 and 43). But, in this, the two upper open- 
ings to tlie flue are not well placed either for appearance or for use- 
It would be better to adont here the ordinary long and narrow chim- 
^"'Mf-tbroat at the top of iJie fire. In other rcai>ects the form of the 
b-place might remain as it is, except, that of course the fresh-air 
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:cp,iiisybu omitteil, 
■iliiitor. When tlie 
ill if necBssary by 
IS o£ a sjiiijili' dMiijpi'i'. iirraiiiii'il III i)]iLiiinj fn^ilv from the front 
mtel after tlie [iHutiplt ot tliat siiuwii ill 'Fig. 83, Bui if 
^e draught ia guod tliis amy aXvaya ri^niuin clusud, itiid the smoke 
will tlinQ pass out beliind and helow the eoab and be consumed in its 
passage. Such a form of smoke-conxuming firc-pla^e has the great 
l^vantage of being rimple, and practically automatic. The lower 
~|tlet is always open ready for use, and with a good draught the 
^r one need never be opened, or it may be left pArliallv o[>en, 
Dugh for the first momenta when ilie heat of tlie fire anil flut is 
Kble, but not enough to carry oft the products of full combuetiou. 
piuh will then find tlitir uul.let chiefly through the lower ujieDing. 



^'When some admirer of the manners atid customs of the olden time 
18 for the colossal pvojiortioDfi of the mediaeval fira-piute to pro- 
in his modern cottege the effect of the baronial hall, he dues it 
h her oic indifference to personal comfort, Iwlieving that the use 
<tfce -plBce necessarily impliee blackening his timbered ceil- 
gstried walls with smoke, at the least provocation. 
bioyance is quite unnecessary. Witla proper construe- 
■ be assured of a good drauglit at all times, even when 
tntities (A fuel are liurned in the Itre-ptace. The peculiar 
J neee6^a^J■ to secure this result is as follows; We will 
nposellid fire-place to be two meters sipiare. In the first place the 
JDHey-ilue should be of the pniiicr size in proportion to the open- 
^ to allow of a free passage of the pvuducts of combustion and the 
ulng air. The tup of the cliiriincy should be surmounted 
^fiborden ventilator. A portion of the buck of the fire- 
Id be recessed slightly, so as to form a smaller shoUow fire- 
ktthe large one. A revesa similar in form to this is some' 
iA in the backs of medifeval fire-places to receive an or- 
sntal slab carved with lieraldic or uUier devices. The small 
fire-place then hit= its own independent chimney-throat and flue con- 
necting witli tlie luiiin flue above the level of the top of tlie larger 
firfrplace. A damper ojwrsted like tliat shown in Figs. 00, 71, 80, or 
83. IS built in the throat of the larger fire-place, so that it may be 
closed when but a small fire is wanted, ami the lower chimncy-tliVoat 
(alw provided with a damper) only is in use. An improved form of 
■muki-c'iUf^iiuiirij,' fire-place is tlie result. The appi-aranco ot the 
' " il.ii ' -> jiri'iiogeil is shown in Fig 239, designed for the 

'i liiru referred t«. This recess in the Imck of tlie 
I ' I . . 1j<: maile an ornamental feature, but when a fire 
.11 liii i.Li^u one proportionate to itssize, the recess will be 
iIk' iiio and fuel- An arched alcove at the end of the 
>ui eiK-loses both fire-places, and forms a retired and shci- 
•, Wghted by windows ti. tlw ri^A ami\si.'i.,^'Jt ■iia <*(«.- 
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■) gives another illusttj 
fire burning in tie large fire-pl 
' bovB, extending across the ei^^ 
Th fl by using a diBtributor wUhl 
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sight, and the cure is simple and close at hand. In others important 
demolitions will be necessary to discover it, and still more expensive 
reparations to effect its cure. Therefore, in making our list the de- 
fects easiest to see should come first in order, so that no unnecessary 
expense may be incurred. 

(1.) The subject of inquiry which should first occupy us, as being 
the one most easily answered, concerns the supply of air necessary to 
furnish the draught. The opening or openings for the supply of air 
to the room should be as large in area as those for the exhaust, in- 
cluding both fire-place, smoke-flue, and all special exhaust ven- 
tilating-flues. If this ])recaution be not taken the result will be as 
shown in Fig. 225. One chimney is said to " overpower " another 
when both are built in the same room or in rooms adjoining and in- 
suflScient fresh-air supply is provided. When the doors separating 
these rooms from the hall or other rooms are closed, the hotter flue 
will overpower the cooler and draw from it its supply of air, bringing 
the smoke with it. The action of the overpowering chimney is ex- 
actly the same with that of the tower in Fig. 225. Even the range- 
flue or the flue of some fire-place in the house quite remote have been 
known to overpower all the other flues in the house from this cause. 

In order to make certain whether or not the want of a sufficient 
supply of fresh air is the true and only cause of the smoking, it is 
only necessary to open a door or window in such a manner as to 
admit the required amount of the air without allowing it to blow on: 
the fire in gusts. 

To cure this defect, furnish a supply of air as large as the exhausts 
This may be done (a) by bringing outer air into the room through some 
kind of ventilator over the windows, or in the cornice, which may be 
perforated all round and so arranged as to admit the air in a thin film 
along all the four sides ; (Ji) by carrying a hot-air flue from the 
furnace to the room, or (c) by building a ventilating fire-place in 
place of the old one. 

(2.) The position of a door in a room, when standing at certain 
angles may, by allowing draughts to strike across the fire, be such 
as to drive the smoke into the room. 

The cure is to hinge the door on the opposite side of its frame, or 
to provide proper fire screens. 

(3.) The size of the smoke-flue is too small, or too large for that 
of the fire-place. A flue too small will not allow of free j)assage of 
the products of combustion. One too large allows its movement to 
be too sluggish, and less able to resist any unfavorable influence, and 
gives opportunity for troublesome eddies. The flue should be some- 
what larger than the throat to allow for clogging by soot, friction 
against its walls, the disadvantageous form of its section (the circular, 
or best section being seldom practicable), and for the bends more or 
less abrupt in its course, lloughly speaking, a brick flue of the 
usual form should have a sectional area equal to -^ of the size of 
the fire-place opening. For a round iron flue -^ would be sufficient. 
"More accurate formulae could be, and TaaN^ \«i<i\i w\N^iw.,\sv\\. ^>ajiiV 1^-^- 
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mulae are usually too complicated, and too difficult of application to 
be of any service to the general public. According to our rule a 
small fire-place .80 meters wide and .75 meters high (32 by 30 inches) 
would re(juire a brick flue of 600 square centimeters in sectional 
area, which is equivalent to an ordinary 8 by 12 inch flue. A large 
fire-place of one meter square should have a brick flue of 1,000 square 
centimeters area, equivalent to a little over 144 square inches, or an 
ordinary 12 by 12 inch flue. A very large fire-place of two meters 
wide by one meter high would have a flue, say 40 by 50 centimeters, 
or 12 by 24 inches, and an old-fashioned fire-place of extraordinary 
size, say two meters high and two meters wide, or large enough to 
contain a dozen tall men standing, or " to roast an ox whole," should 
have a flue of 400 square centimeters, or one foot by three feet. 
Such a fire-place and flue built for use at the present day would have 
to be constructed in the manner shown in Fig. 224, to ensure a 2ood 
draught under all circumstances. To ascertain the size of the flue, 
measure it at the top or just above the throat. 

Generally the only cure for a flue too small is to diminish the size 
of the fire-place to correspond. To enlarge the flue is usually too 
serious an undertaking to be attempted. 

For a flue too large, a defect seldom met with, and one little likely 
to cause inconvenience if the throat be of the proper size, the simplest 
treatment is to increase the height of the chimney, and top out with 
a Van I^oorden ventilator ; but the best method is to make a virtue 
jf necessity, and, by introducing within the large flue a smaller one 
of tile or sheet-iron, to construct a ventilatin<]j thie on the Douo-las 
jralton principle, as already described, and utilize the heat of the 
smuke in heating and ventilating the house. Either a tile or an iron 
flue may be easily lowered into the large flue, cementing the pieces 
one to the other as they are lowered, and connecting the lowest joint 
with the fire-jjlace with masonry. To make the lower connection an 
o])ening may have to be made in the chimney -breast above the mantel. 
The ventilating openings and details of the construction have already 
been described. 

(4.) The chimney-throat is too large, allowing an unnecessarv 
amount of cold air from the room to enter the flue along with the 
products of combustion. By this the colunni of air becomes cooled, 
and its movement consecpiently sluggish. Pleasure first the size of 
the throat and see how far it varies from the rule we have estab- 
lished, then test the effect of diminishing the throat temporarily with 
drv bricks or other non-combustible materials. 

The cure is to brick up the chimney-throat so as to give it a sec- 
tional area eipuil to one-twelfth of the area of the fire-place openin*"-, 
and the shape shown in, and described in connecticm with, Fig. 52. 

(,;.) The throat is too small to admit freely the products of com- 
bustion. 

The cure may then be effected by diminishing the size either of the 

fire-place itself, by relining its back and sides, or of its opening by 

means of sliding blowers, or new ia-vim*^. \i \}cia\*i -isocvi, <2\i\»i\i.\ki\vs. to 
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diminishing the fire-place, iiicj>ecL5e tbe ^e of the tliroat. First 
iiiuuturu the throat aod fire-place to asiienain as before the amount 
oi dimtnutitm of tire-pla<.'c, ur of enlargeocnt of dit-oai necessary, 
then tust the effect of dimiaiahing the size of the fire-gihice opening 
witli card-board, or of removing bricks, one by one from the throat. 

(6.) TheairinanunuBedchimneymav, whcnlhetemperatnreof the 
outer .air becomes, for a time, wtirmer than that in the house, fjnk in 
the cliimney until the equilibrium is restored. In so doing the smoke 
from an adiacent due may he drawn down ivith tlie reversed oir- 
currcnt. The only remedy Is to elose the lire-place with a damper as 
long as it remains unused, unless it is found that the flue mav be 
railed in height without injury to the draught of the adjacent ffues. 

(7.) 'Die lentil) of the Bmoke-flue mar be less or more than is suffi- 
cient or desirable. If the flue be too short the difference of weight 
of the column of smoke and the exterior air column will l>e insufficient 
to produce a movement of the requisite velocity or stvenglJj. 

If the Hue be too long compared with the size of the fire, the loss 
of heat and the friction ajrainKt its sides may reduce the velocity to 
too great an cKteiit, ihou<rh tJiis is a cause rarely met with. 

The cnrv. for the former is to lengUlen Uie chimnuy, and for both to 
diminish the size of the fire-place and its throat so as lo cause less 
coo! air to enter the flue. 

(8.) The flue of one fire-place entering that of another sometimes 
leads to the cooling of the hot current by the air from the fire-place 
not in use, to such an extent as (o destroy the power of the draught. 

The fact of whether or not the flue of one fire-place enters that of 
anotlii^r may be ascertained at the chimney-top by means at smoke 
made successively in each fire-place, and tlie efTect of one flue enter- 
ing iinotlier may be learned by closing each fire-place succeastvely 

The cure is to build another flue; or if tlus be impracticable, to 
clone one fire-place hv means of a damper in tlie tlu-oat while the 
other is in use. 

(B.) A sudden bend in the flue especially near the lirE-place throat 
may cause tlie smoke to rebound into the room. The presence and 
position of such a bend may l>e ascertained by means of a weight 
tied to a airing and dropped clown the fine. 

The cure is cither to diminish the fire-place or straighten the flue 
by rebuilding. 

(10.) liricks, mortar 
depa^itL-d in the flue, 
in titles- lung unused. 

Ascertain the position of the obstructions with weight and cord. 
If ft bend in the flue prevents examinatJxin in this way, the flue must 
be opened below the bend and the weight dropped frocn this opening. 

The obstruction, when discovered, if it cannot be raised with a 
hook from aimve, may t»e removed ^ther by firing the chimney, or by 
ojiciiiiig it nt the point where the obstruction occurs. 

(11.) A "find passtng liori)U)nln,l\y over ttui y)\i lA * OftvsjKvtN nw^.-'^ 
)3 
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have the effect of closing the flues like a plank placed upon them. 
A Van Xoorden ventilator on each flue will form an effectual cure. 

(1 2.) The chimney-top is commanded by higher buildings or hills. 
The air condensed by a gust of wind falling against these higher 
objects descends the chimney in expanding or rebounding. 

The only cure is to raise the flue beyond the influence of the com- 
manding surfaces. 

Xo bonnets, cowls, or patent ventilators can prevent this except in 
so far as they increase the height of the flue ; because no such device 
can prevent the expansion of compressed air in every direction in 
which a free opening is left for its passage. 

It is no small source of comfort to the architect to feel that every 
evil to which chimneys are heirs can be cured without recourse to the 
patent cowls and ventilators by which the summits of so many of 
our noblest buildings are disflgured ; '■'■ some looking like Dutch ovens 
come up to see the world, some like half-sections of sugar loaves, 
some like capital H's, and sundry other pleasing objects." Some 
looking like a pile of inverted milk cans laid out on the roof for an 
airing, some radiating in every direction long arms, and flourishing 
them about like demons clutching for prey, or armed with wings gyrat- 
ing with terrible energy and clamor in squally weather, and when 
the pivot becomes a little rusty. These " seem perpetually whizzing 
round for the mere fun of the thing, since any good they do is 
extremely apt to escape detection." 

The Archimedian Screw ventilator is designed to wind up, as it 
were, the air and smoke from below ; but it also acts as an impedi- 
ment in calm weather, and, when rusty, in all weathers. A peculiarly 
hideous monster frowns upon the writer through his oflSce window 
from the roof of a neighl)orin<j: shed. It resembles a huge cuttle- 
fish with an awkward writhing body, and a hundred eyes covering 
the whole surface of the main trunk and head in the form of large 
lenses, desiy:ned to concentrate the heat of the sun and throw it into 
the flue. The idea is ingenious, but the effect produced, though 
strikinjj: enou«rh to dismay the beholder without, is inappreciable to 
the owner within. Thouirh but lately built, and thouoch braced and 
clamped with plenty of iron stays, it has already a battered and 
miserable api)earanee, and seems destined rather to provoke than to 
appease the wrath of the elements. 

•• In oastinji one's eye down the long streets of a smoky city, in 
taking a survey of the roofs and their tormented chimneys, the in- 
tinity of other contrivances is so great that it is scarcely a poetical 
hyperbole to say our pen starts back from it. Here is patent upon 
])atent, scheme after scheme, each doing its best, no doubt, to obtain 
the mastery over that simple thinir — smoke ; and each with a degree of 
success of a very hopeless amount. There appears to me something 
intcn>ely ludicrous in these struixgles against what seems to be an 
absunl. but invincible foe : the very element of whose success against 
7S hvs in our not strangling him in his birth. !Many obstacles are in 

I wAy^ no doubt ; there -Are vAj'jXAvAvi^ vw \\\t ^\\x oK. ^n^t>j 'sjskAv 
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but I have little doubt, chat had the perverted m^euuitjr nl 
misspent itself upon the ohimney-pots been directed to the fire^ 
re might have now had a difierent tale to tell. The smoke n 
s laughed at as a minor evil, by a gi-eaC pracUuitl people like o 
elves, who heroically make up our minda to put up with it ; but w\ 
I IB considered as an item in the comfort, cleanliness, and health (^ 
whole nation, it EiEuumes, or should assume, a iliffercat position.' 
The nmple Emeraon Ventilator, or tlie lale Van Noorden imp) 
rncnC on the same, when built of iluruble inaleriEilB, (serves to Oi 
rather than to disfigure the building. When several flues aid 
le are lopped with these ventihitore, care should be taken to hi 
iiT mouths or smoke-oatlets on Ihe same level, lo avoid iDJurjrjH 
e to (he draught of auother. To relieve the monotony anil pi 
duce a picturesque effect, the form of the caps may then be vairieo(l 
any eitent deeirablo. 

Fifl. 280 represents the narrow or entrance front of tbu Libra 
Bnildiog already described in connection with Figs. 220 anil 39 
The effect of a row of eight of tlieae terra-cotta chimney tops w9 
turned shafts is seen in the central chimney. The tower cMmaejaf 
treated as a prominent feature and richly decorated with sculpt 
^ 231 (one of several designit for the extension of an old cou 
house shown in the upper coiner) gives the effect of a diimn 
surmounted with terra-cotta tops of the same height, showing V 
manner in which (he monotony may be relieved, and the centrU ll 
made to appear higher and more prominent than the rest, by tA 
varying tlia forni Hnd height of the caps. 
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fir^t chapter Itow great a. waste of fuel ie incurred 
atl£iupda^ to heat hy means of the open (ire-place as it ia cow 
" 'ucted. Absurd as it may sound, it ia easily demonstrated by 
ling from the experinienta there described, that to heat tlie 
rooms of a public building, like, gay, out State HouKe, to the teiuper- 
ature giTen by the present apparatus, a thousand tons of coal a day 
burned in open fire-places, without help of other heaters, would not 
siiflice, because the draoght has to be supplied entirely by the air at 
zexa from without. If one single immense fire-place could be used to 
ilo the work, it would have to be as large a.s the United States Senate 
(.'handKr, a raging lire kept burning in it at a white heat, while the 
draught induced, if brought through a single opening a couple of 
meters square, would sweep e»eryttiing before it with the fury of a 
hurricane. A fire-place built on such a grand scale would almost 
pay for its construction in presenting us with a picture of our ex- 
travagance vivid enough to lead us to attemjit a saving; while small 
fire-places scattered in different buildings, but burning the same 
amount of fuel at an equal disadvantage, leave us still indifferent. 

Returning ag^n, with the improvements in mind which we have 

herebefore described, to our "ideal fire-place," to see how tar such 

•aving is possible, and to what extent the ideal may be realized, we 

us the following; — 

All the heat generated by the combustion of the fuel may be 
utilized in heating and ventilating the house by the use of the dis- 
tributors, and the combustion of the fuel may be made complete by 
using the modified form of the lire-place of Touet-Chambor in com- 
tdnation with the distributors. 

(2,) The supply of fresh air introduced into the house, to take the 
place of the foul air removed, is as pure as the source without from 
which it is drawn. It is warmed in winter to a temperature some- 
what below that of the room ; may be moistened enough (with or- 
dinary furnace evaporating-pans attached to the distributor, if neces- 
sary) lo give it its proper hygrometric condition; abundant enough 
to Btipply ampl^ the fire, occupants, and gas-burners; so distributed 
I located at its entrance as to cause no perceptible draught at any 
' ; the gentle air-current so directed that it reaches every part 
h room ; so steady that no part of it passes twice over the sams 
,t, OF can be twice breathed by the occupants ; and so regulated by 
|tple vaUves, like that shown in Figs- 222 and 223, as to be under 
'9Mt control 

]8i) The Sues include a special gas-ventilator (the left-hand flue in 
j. 220) so atranged that the heat generated by the combustion of 
) gas is as far as possible retained in the room, and utilized by 
Diation from the ventilating-pi[ivs aitat-'hed to the olmndeliera (Figs, 
9 to 157), while the injurious produi'ts of combustion are removed 
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(4.) A complete ventilation of the room is effected, both in summer 
and in winter, without opening doors and windows, by the use of 
a simple valve. 

(5.) The chimney being supplied with fresh air, and properly 
capped when necessary with a Van Noorden ventilator (Fig. 224), and 
properly constructed as to height and form as described, never smokes. 

(6.) Finally, the construction of the fire-place and flues is simple ; 
they are sufficiently durable, easily repaired in any part likely to 
require it, inexpensive, safe, and unobjectionable in appearance. 



PLATES. 
XXVIIL-XXXY. 



PLATE XXVIII. 

Fire-place in the dining-room of the second story of the Hote 
Cluny, Boston, built in 1877-78, and shown in elevation in the 
American Architect for August 3, 1878. This room is finished in 
cherry. The work is elaborately carved, but this is lost in the 
reproduction on account of the smallness of the scale. 



PLATE XXIX. 

Plates XXIX. ami XXX. are two unexecuted designs. They are 
for a country house in stone, shown in perspective in the American 
Architect for June 10, 1876. 

Plate XXIX. is for a fire-place of stone and brick combined. The 

ceiling: and sideboards are from Talbert. 
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PLATE XXX. . 

Rustic fire-place in stone between two window niches. 



PLATE XXXI. 

Dosigns for two simple and inexpensive fire-places in wood. The 
upper figure represents the hall mantel of a house in Salem, re- 
constructed in 1876. The finish of this hall is in chestnut, which 
was the wood originally used. The panels are ornamented with 
carving of natural ft)liage (chestnut-leaves) and birds. The facing 
is of buff tiles moulded to correspond with the floral decoration. 
The opening is 1.'" 30 square. 

The lower liirure gives the mantel in the hall of a house in An- 
• lover, built in 1S7 7. It is constructe<l of face-brick and ash wood. 
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PLATE XXXII. 

Library mantel in house on Commonwealth Avenue. The large 
lamp brackets have ventilating caps, the educt flues being shown in 
the section and in plan. The material of this fire-place and of the 
rest of the standing-finish in the room is cherry. 



PLATE XXXIII. 

Simple design for mantel and coat closets opposite main staircase 
in the hall of a sea-side cottage built in 1880. The material is ash. 
Fire-place in face brick, with tile facings and hearth. 



PLATE XXXIV. 

Fire-place in the parlor of a house on Commonwealth Avenue. 
American Architect for April 29, 1880. 



PLATE XXXV. 

Fire-place in the dining-room of the same house. The room is 
finished in oak throughout. 
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APPENDIX. 

HEATING AND VENTILATION OK PRIVATE HOUSES. 



Fias. IT7 to ISO ^ve the first three etoricB and baaement of a 
fonr-Btofied dwelline-Souse, of which the front elevation is sliown in 
FiC- IBS as previously stated. 

^ planning the heating and ventilating of a house three rules 
Bbonld ba observed as of vital importance ; — 

(1.) Every room requiring ventilation shoulil have special and 
indepenilent provieion for both supply and exhaml. 

(!.) Every exhauat-flue should be provided with a certain and 
constant supply of beat to act as motive power for sueh time as it is 
intendod that it should be operative. 

(3.) This motive heat should be the waste heat used for warming 
the rooiua, cooking, drying, lighting, or performing the regular work 
of the household independent of the ventilating. 

Stitning with the Sub Banemenl or air space under the iloors the 
supply is obtained from the basement hall through perforations in 
the floors. The exhaust is accomplished by means of a pipe ten uen- 
tinieters in diameter passing through the basement W. C, and con- 
nectino; with the exhaust of this closet. 

In Uie Basement (Eig. ITS), to begin with the kituben, tbe supply 
ot fresh air should be brought in at tbe hottest point, i. e., near the 
range. An opening ,in the outer wall, over the range, connects 
with the eheet-uTjn range hood, which is made double to receive it. 
The lower piece of u'on is painted black to absorb the heat rising 
from the mnge. Tbe cold air flows over this, takes up the heat, and 
enters the kitchen in a thin Elm or shower from the entire eircumfer- 
Bnee of the hood. The air supply is regulated by llie expansion and 
Goatravtion of a metallic rod pasdng through the range, fire, and 
orens, constructed on the principle of an onlinary furnace regulator 
rod, so tlint as tbe fire goes out at uight the cold air supply is cut 
off, and the danger of freezing avoided. The register is openeil and 
■but by means of a simple lever rod, pivoted so that a very minute 
expansion of tbe metal suffices. If made at the same time with the 
range, the ccKit would be trifling. But after the range is set the ile- 
viee cannot bo anplied without an outlay greater than is justi&ed by 
tbe end; in wbicn case the kitchen supply will have to be oblaineil 
in the usual way tlirough dwir aud ■wvtukw-v.TaK'iA. TW V\«« 
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Since publishing the desorip- ■ 
tion and designa of the ve ' 
lating chandeliera referred ti 
the last chapter, inquiries have 
been made ag to their cost and ^^^ 
manufacture. The construction ^^^ 
is attended with no meclianical 
difficulty other than is due to 
its novelty. The size and form 
of the ventilating tuhes; the precautions necessary to protect i, 
from disuoloration under heat ; the proper arrangement of die b,. 
so that the producta of combustion sliail be carried off without (| 
scaring the light, and withal the neceesity for carrying out the dei 
in an artistic manner, require considerable experience and U 
on the port of the manufacturer. The bell over the burnerB I& j 
chandelier shown in Figs. 149 and ISI has its upper surface 43 
sti'ui'ted of glass set in ribs of metal radiating from the inner to 
ouier circle. The object of this is to prevent a dark shadow fl 
Iteing formed on the ceiling. Over each burner a small metallic a 
nel cnrrieB the gas products to the ventilating flues. These ventJL 
in^cbandeliers are manufactured by Messrs. Shreve, Crump, & Tjo| 
of Boston, under patent rights. -%^^ 



